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ABSTRACT 

The 9-month SWIFT Burst Alert Telescope (BAT) catalog provides the first unbiased (N H < 
10 24 cm~ 2 ) look at local (< z >= 0.03) AGN. In this paper, we present the collected X-ray properties 
(0.3 - 12keV) for the 153 AGN detected. In addition, we examine the X-ray properties for a complete 
sample of non-beamed sources, above the Galactic plane (b> 15°). Of these, 45% are best fit by simple 
power law models while 55% require the more complex partial covering model. One of our goals was to 
determine the fraction of "hidden" AGN, which we define as sources with scattering fractions < 0.03 
and ratios of soft to hard X-ray flux < 0.04. We found that "hidden" AGN constitute a high percentage 
of the sample (24%), proving that they are a very significant portion of local AGN. Further, we find 
that the fraction of absorbed sources does increase at lower unabsorbed 2-10 keV luminosities, as well 
as accretion rates. This suggests that the unified model requires modification to include luminosity 
dependence, as suggested by models such as the 'receding torus' model (Lawrence 1991). Some of 
the most interesting results for the BAT AGN sample involve the host galaxy properties. We found 
that 33% are hosted in peculiar/irregular galaxies and only 5/74 hosted in ellipticals. Further, 54% 
are hosted in interacting/merger galaxies. Finally, we present both the average X-ray spectrum (0.1— 
lOkeV) and logiV-log5 in the 2-10 keV band. With our average spectrum, we have the remarkable 
result of reproducing the measured CXB X-ray power law slope of T 1.4 (Marshall et al. 1980). 
From the log N- log S relationship, we show that we are complete to logS 1 > —11 in the 2-10 keV band. 
Below this value, we are missing as many as 3000 sources at log S = —12. Both the collected X-ray 
properties of our uniform sample and the log iV-log S relationship will now provide valuable input to 
X-ray background models for z m 0. 

Subject headings: surveys, X-rays: galaxies, galaxies: active 
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1. INTRODUCTION 

Active galactic nuclei (AGN) are among the most pow- 
erful sources of energy in the Universe, where the bright- 
est quasars can outshine all of the stars in their host 
galaxy by 100 times. Optical studies of AGN reveal 
strong narrow and broad emission lines indicative of 
AGN activity in the nearby Universe (z< 1). However, 
X-ray an d optical surveys fail to select the same AGN 
samples (|Mushotzkvll2004l ). X -ray surveys identify more 
sources whose 2 - lOkeV emission is obscured by high 
column density absorbing material in the line of sight. 
Still, even the X-ray surveys are affected by heavy obscu- 
ration, making it difficult to detect sources with column 
densities > 10 24 cm~ 2 (Compton thick sources). 

This provides a major question that AGN surveys need 
to address: how ma ny heavily obscur ed or Compton 
thick sources exist? iMatt etaLl (|2000l) estimated that 
the number could be as high as an order of magnitude 
more than the unobscured sources, which are easily de- 
tected in optical and soft X-ray surveys. In order to ac- 
count for these additional heavily obscured sources and 
determine their contribution to the cosmic X-ray back- 
ground, very hard X-ray (> lOkeV) surveys are needed. 
Only at these wavelengths is the AGN emission penetrat- 
ing enough to pass through much of the dust and gas in 
the line of sight. 

With the Burst Alert Telescope (BAT) on board 
SWIFT, we now have the first sensitive unbiased AGN 
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survey, towards all but the most heavily obscured sources 
(N H > 10 24 cm~ 2 ). This is due to BAT's sensitivity at 
very high X-ray energies (14 - 195 keV). With a much 
larger sample than previous (such as HEAO-1) and con- 
temporary (Integral is most sensitive along the Galactic 
plane) very hard X-ray missions, BAT is the first sensi- 
tive all-sky very hard X-ray survey in 28 y ears. 

Fro m the 9-month catalog of BAT AGN (|Tueller et all 
2007;. a large enough sample has been obtained (153 
sources) to determine the statistical properties. In the 
catalog paper, only the X-ray derived column density and 
a complexity flag were indicated. However, in this paper 
wc provide a more detailed look at the X-ray properties, 
including archival data, analyses from the literature, and 
previously unanalyzed SWIFT X-ray Telescope (XRT) 
observations. This work follows upon an XMM-Newton 
follow-up study of 22 BAT AGN, in which we reported 
that t he "hidden" /buried AGN described in lUeda et al.l 
(|200l may be a si gnificant fraction of the BAT AGN 
((Winter et al.ll2008h . 

Our goals are two-fold. First, we present the X-ray 
properties for the entire 9-month catalog. Second, wc 
examine in more detail the collective properties of a 
uniform sample. This sample consists of non-beamed 
sources with Galactic latitudes > 15°. In Section [21 we 
describe the observations and the spectral fits, includ- 
ing data from ASCA, XMM-Newton, Chandra, Suzaku, 
and SWIFT XRT. In Section H we describe the general 
properties of the entire BAT 9-month AGN sample. In 
Section [4j we describe in more depth the properties of 
our uniform sample. In Section [5l we present the aver- 
age X-ray spectrum as well as the 2-10 keV logiV-rogS' 
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relation. These X-ray properties can now be used as in- 
put to X-ray background models for z w 0. We then 
discuss the properties of the host galaxies in Section [51 
Finally, we summarize our results in Section [71 

2. THE DATA 
2.1. Source Selection 

The sources in the 9-month BAT AGN catalog were 
selected based on a detection at 4.8cr or higher. This 
corresponds to fluxes in the 14-195 keV band of > 2 x 
10 _11 ergss _1 cm~ 2 . Th e survey and the m ethod of se- 
lection are described in (jTueller et al.ll2007t) . To summa- 
rize, the BAT positions for the detected sources have an 
error of < 6'at 4.8c. Therefore, the positions of identi- 
fied sources were compared with available optical, radio, 
and X-ray observations. Where the BAT source could 
not be identified with a previously known AGN source, 
SWIFT XRT observations were obtained. With an iden- 
tified XRT counterpart, the position is narrowed to an 
error of ~ 4". The source identification was further con- 
strained by the requirement that each of the BAT AGN 
sources have a clear optical/IR counterpart in the Digi- 
tal Sky Survey/2MASS. Many of the sources in this en- 
tire 9-month sample have identifications based on op- 
tical spectra either from archived data, the literature, 
or our own follow-up data. The sample consists of 17 
blazars/BL Lacs, 49 Sy 1-1. 2s, 34 Sy 1.5-1.9s, and 45 Sy 
2s. Of the remaining sources, 7 are unidentified, 2 have 
optical spectra showing a normal galaxy (i.e. no AGN 
emission lines; NGC 612 and NGC 4992), and 2MASX 
J09180027+0425066 is identified as a type 2 quasar. 

In order to study the properties of the local BAT- 
detected AGN, we identify a uniform sample from the 
9-month catalog. This requires the exclusion of beamed 
sources as well as sources within the Galactic plane (b < 
15°). We exclude beamed sources (the 17 blazars/BL 
Lacs), since they make up only as 10% of AGN and 
are at higher redshifts than our sample of local sources. 
Further, the physics behind the spectra are different be- 
tween beamed and unbeamed sources, since these sources 
are jet dominated. Only high Galactic latitude sources 
are included (b > 15°), since the identification of AGN 
in the Galactic plane by BAT are less certain due to 
the higher background and large number of unidentified 
sources (Galactic and extragalactic) . This uniform sam- 
ple consists of 102 sources. Among these, 34 are Sy 1- 
1.2s, 28 are Sy 1.5-1. 9s, and 36 are Sy2s, with none of 
the sources without an identification. Since the normal 
galaxy spectra sources and the type 2 quasar show no 
broad lines, we include them as Sy2s in the following 
discussions. 

Since the 9-month survey sources are moderately 
bright, many of them were well-known AGN sources with 
archival data/published papers detailing the X-ray prop- 
erties. Thus, in compiling the X-ray properties of this 
sample, we first searched the literature for analyses of 
the X-ray spectra of our sources. In the following sec- 
tion, we describe the X-ray data and analysis for the 
entire sample. 

2.2. X-ray Data and Analysis 

The X-ray emission from A GN primarily takes th e 
form of an absorbed power law (|Mushotzkv et al.lll993l ). 



However, there are additional features which are present 
in the 0.3-10 keV spectra of many AGN, primarily a 
soft excess and an Fe K-a line. The soft excess is of- 
ten modeled as a blackbody component (kT « O.lkeV) 
and its origin is believed to be either thermal emission 
from star formation, photoionized gas, b lurred reflection 
(ICzernv et alj|2003t iRoss fe Fabianl |2005D . or blurred ab- 



sorption ( Gierliriski fe Done! |2004| ) . The Fe K-a line is 
a fluorescent line from lowly ionized iron at 6.41 keV. 
Finally, many AGN exhibit a complex spectrum indicat- 
ing emission components absorbed with different column 
densities. This type of spectrum may be the result of 
scattering of direct AGN emission, a dusty environment 
where the AGN emission is partially covered by absorb- 
ing material, or contamination of the AGN spectrum by 
less-absorbed X-ray binaries. In our effort to uniformly 
compare the properties of our sources, we searched the 
literature for simple models fit to the X-ray data, based 
on these components (power law, absorption (simple or 
complex), soft excess, and Fe K line). We did not include 
models for reflection since higher signal-to-noise spectra 
would be required for the entire sample. 

In o ur study of 2 2 XMM-Newton follow-ups of BAT 
AGN {Winter et al.ll200l) . we had used the same com- 
ponents to classify the AGN X-ray spectra. We chose 
a simple and complex model that is well-used through- 
out the literature, allowing for easy comparison with 
other AGN studies. In this study, we adopt these same 
models. Our simple model is an absorbed power law 
model (Figure (T^,), with an additional soft blackbody 
and/or gaussian (for the Fe-Ka line) model where re- 
quired. Using the standard X -ray software for fitting 
X-ray spectral models, XSPEC (|Arnau d 1996). our sim- 
ple model is represented as tbabs*(pow + bbody + 
zgauss ). Here, tbabs is a standard neutral absorption 
model (| Wilms et al.l l2000| ). We categorize a complex 
spectrum as one well-fitted with either a partial cov- 
ering model (Figure [TJd) or a double power law model, 
both of which give similar results (in % 2 and spec- 
tral parameters), along with an Fe-Ka line. Our com- 
plex/partial covering model is formally implemented in 
XSPEC as pcfabs*(pow + zgauss) for partial covering 
or tbabs*(pow + tbabs*(pow + zgauss)) for a double 
power law model. Further d iscussions of o ur ch oice of 
these models can be found in lWinter et~afl (|200Sl) 

For all of the 9-month BAT AGN, we list the source, 
position, optical type, host galaxy type, and details of the 
observation in Table [U We include the X-ray satellite 
used, references, exposure time, and count rate, where 
available. Where count rates and exposure times are 
quoted, they correspond to the pn detector for XMM- 
Newton and SIS0 for ASCA. For many sources, spec- 
tra were available from many different satellites. Our 
preference was to choose ASCA analyses first, followed 
by XMM-Newton and Chandra. Mostly, this is due to 
the uniform way the spectral properties of Seyfert Is 
and Seyfert 2 s are presented in papers analyzing ASCA 
data such as: iNandra et all (]1997f) : lTurner et all (| 19971) : 
lRevnoldsl(ll997r) . Also, especially with the increased res- 
olution of the grating spectrometers and higher signal- 
to-noise CCD data on XMM-Newton and Chandra, more 
accurate/complicated models are often used to analyze 
spectra from these satellites, particularly for observations 
with a large number of counts. Where multiple observa- 
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tions were available, we chose the longest observation 
below 50 ks, to be comparable to the quality of spectra 
collected for other sources. 

Where references were not available, or comparable 
models were not used, we analyzed cither SWIFT XRT, 
ASCA (downloaded from the Tartarus database 3 ), or 
Suzaku spectra (we obtained data for w 10 sources 
through AO-l/AO-2 proposals). For the XRT spectra, 
we a nalyzed these data f ollowing the same procedure 
as in IWinter et ail (|2008l ). In XRT observations with 
few counts, if there were multiple observations available, 
we combined the spectra from the longest observations 
with the FTOOL mathpha. The analysis of the Suzaku 
spectra is contained in Ueda et al. (in prep), which in- 
cludes detailed analyses of the spectra. The observation 
and source properties for the SWIFT XRT, ASCA, and 
Suzaku observed sources are also listed in Table [TJ 

In Tables [2] and [3l we list the spectral properties from 
the observations. Table [2] includes our XSPEC fits to the 
XRT data using an absorbed power law (tbabs*pow) or 
an absorbed partial covering model (pcf abs*pow). For 
each of these fits, an additional neutral absorber (tbabs) 
was fixed to the Galactic column density. For spectra 
with clear residuals from these models indicating a soft 
component or an Fe K-a line, we added the necessary 
components and included the details in the appendix. 
Table [3] includes the compiled properties from the litera- 
ture as well as fits to ASCA spectra downloaded from 
the Tartarus database. For these spectra, the model 
used is clearly specified in the table. In both tables, 
we categorize the spectra as being simple (S: well-fit by 
an absorbed power law or power law a nd blackbody) or 
complex (C), as in IWinter et al.1 (|2008| ). In Figured we 
plot some examples of the XRT spectra from each cat- 
egory. Notice that the spectrum of UGC 11871 has no 
data points below IkeV. For this source, as well as 3 
other sources in Table [2j we classify the source as S*. 
This indicates that it was best fit with a simple power 
law, however, with longer exposure times, and thus more 
data points below 1 keV, it would likely be a complex 
source, showing the characteristic complex/ double power 
law shape. 

We have collected the X-ray properties for 145/154 
AGN. Though there are 153 BAT sources, one BAT 
source (NGC 6921/MCG +04-48-002) is the combi- 
nation of two inter acting galaxies, each hosting AGN 
([Winter et al.i r2008). In the appendix, we include details 
on each of the 9 sources excluded from this analysis. The 
sources are excluded due to a lack of data available (2) 
or complex spectra (7). For instance, Cen A, an AGN 
hosted in a merger galaxy, is a complex source that is 
excluded. In the following sections, we will describe the 
X-ray properties for the remaining 145 sources. 

3. PROPERTIES OF THE SPECTRA 

In Tables [T]- 131 we provide information on the 9- month 
BAT AGN sources, including the X-ray spectral param- 
eters and fluxes, all derived in a uniform way. In order 
to study the properties of the local BAT-detected AGN, 
we need to look at a uniform sample. However, it is 
first worth noting some of the general properties of the 
sources detected in the 9 month catalog. 

3 http: //astro . ic . ac.uk/Research/Tartarus/ 



As a means to summarize these properties, we 
plot a color-color plot of F . 5 -2fceV /F 2 -iofc e v vs. 
Fi4_i95fc e y /Fg-iofce V (all observed fluxes), first used in 
IWinter et all (|2008t ). This plot includes all sources ex- 
cepting 3 AGN (the unabsorbed sources ESO 416-G002, 
MCG -01-13-025, and Mrk 79) which had only broad 
band fluxes available, the 4 sources which had no high- 
quality or publicly available X-ray spectra, and the 4 
very complex spectra sources (NGC 1275, Cen A, NGC 
6240, and GRS 1734-292). As in our previous pa- 
per, the unabsorbed/low absorption sources (triangles, 
Nh < 10 22 cm -2 ) occupy the upper left portion, with 
one exception. Cyg A is a complex source with a com- 
plex spectrum, the product of an AGN in a recent merger 
galaxy. A strong thermal component, mainly from the 
hot thermal emission of the rich galaxy cluster Cyg A 
inhabits, is seen at lo w energies, modeled by a Raymond- 
Smith thermal model (|Sambruna et al.lll999f ) . This ther- 
mal emission gives Cyg A its unique position on the di- 
agram (as indicated in the plot). 

For the unabsorbed sources, the soft band mean (/z) 
color is 0.55 with standard deviation (a) of 0.39. The 
hard color is much higher, with [i — 6.67 and a = 17.50. 
Many of the heavily absorbed sources (circles, Nh > 
10 23 cm -2 ) are located towards the lower right corner. 
These sources clearly have much less flux in the soft band 
(with the exception of Cyg A). The mean and standard 
deviations are: fi — 0.06, a — 0.13 (soft) and [i — 20.43, 
a = 16.16 (hard). Finally, the squares represent the in- 
termediary sources, with 10 22 cm -2 < Nh < 10 23 cm~ 2 . 
These sources have colors clearly in the middle, with soft 
colors (/i = 0.07, a — 0.07) similar to the more absorbed 
sources and hard colors (fi — 6.68, a = 8.48) closer to 
the less absorbed sources. 

In our color-color plot, there are some clear outliers 
towards the upper right (shown within a box on the 
graph). The high column density sources include the 
complex 'changing-look' AGN, NGC 1365, and NGC 
5728, a strongly barred galaxy whose host is likely the 
main contributer to the soft thermal emission. The re- 
maining sources include Mrk 3 (square) and both NGC 
4945 and NGC 6814 (triangles). Among these, Mrk 3 
and NGC 4945 have complex spectra. NGC 6814 is well 
fit by an unabsorbed power law but has a strong Fe-Ka 
line (EW= 545 eV). There is very little flux in the ASCA 
observation below 1 keV. The strong emission in Fe Ka 
and weak flux at soft energies contribute to give it an 
unusual location in the plot. In short, all the sources 
at this location have complex or atypical spectra. How- 
ever, another factor which can lead to unusual positions 
in the color-color plot is time variability. This variability 
could be over the softer X-ray band (< 10 keV) or in the 
BAT observations. The complex source NGC 6814, for 
instance, is known to show X-ray variability by at l east 
10 times over time scales of years (Mu kai et alBool . In 
the 14-195 keV band, the corresponding BAT fluxes are 
time averaged over months. Therefore, sources that are 
variable in the X-ray or BAT bands may have unusual 
hard colors. Analysis of the X-ray light curves, however, 
is beyond the scope of this paper. 

We next summarize the X-ray spectral shape of the 
BAT AGNs. In Tables [2] and O we included a column 
with the type of model used (simple or complex). Ex- 
cluding the 17 blazars, 63 sources are best fit with a 
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simple model while 65 require a more complex model. 
As stated earlier, our complex model referred to a bet- 
ter fit (over the simple power law model) with either a 
partial covering or double power law model. Among the 
complex sources, 5 corresponded to low column density 
sources (Njj < 10 22 cm -2 ), 20 to sources with interme- 
diate columns (10 22 cm~ 2 < N H < 10 23 cm -2 ), and 40 
to the heavily absorbed sources (Njj > 10 23 cm -2 ). All 
of the heavily absorbed sources were better fit with a 
complex model. This shows that our color-color plot is 
particularly good for selecting complex sources, which lie 
to the right of the constant T = 1.5 line (indicating col- 
ors for a fixed spectral index with an absorbed power law 
model). 

Among the complex absorbed sources, we classify 28 
AGN as "hidden" /buried sources. "Hidden" AGN were 
fir st distinguished a s a new class discovered by BAT 
in lUeda et al.1 (|2007T ). These sources are extremely ob- 
scured, possibly by a geometrically thick torus. Since 
the hidden sources were identified in the X-ray and only 
two sources were identified in the discovery paper, the 
mult i- wavelength properties are as of yet not fully clas- 
sified. The X-ray spectra are characterized by a very 
small scattering component (< 3%) in the soft band. In 
the partial covering model, the model is a multiplicative 
model defined as M(E) = /xe^^' + fl-/). Here, / 
is the covering fraction, Nh is the neutral hydrogen col- 
umn density, and a(E) is the photo-electric cross-section. 
The scattering fraction is then the value (1 - f). For our 
spectral fits, the partial covering model is applied to a 
simple power law spectrum. 

We adopted the criteria that a hidden source is one 
where the scattering component is < 0.03 and the ra- 
tio of soft (0.5 - 2keV) to hard (2 - l OkeV) flux is 
< 0.04. Of the 28 identified, 9 are from IWinter et all 
(2008). The additional sources include 5 sources with 
ASCA spectra (NGC 788, NGC 3081, NGC 3281, NGC 
4507, and IC 5063) and 4 with Suzaku spectra (ESO 297- 
018, ESO 005-G004, and 2MASX J09180027+0425066, 
and 3C 105). The remaining 10 sources have XRT spec- 
tra (listed in Table [2]) which are identified as complex 
(C) or as well- fit with a simple model but with little/no 
soft flux (S*). The median column density of the hidden 
sources is log Nh = 23.57 and the median soft/hard flux 
is 0.013, consistent with the properties of the previously 
identified hidden sources. 

4. THE 'UNIFORM' SAMPLE 

Having summarized the general properties of the entire 
9-month BAT AGN sample, we now will focus on a uni- 
form sample. Our uniform sample includes 102 Seyferts 
at |6| > 15°, with 46 simple power law model sources 
and 56 complex model (partial covering or double power 
law model) sources. In this section, we present general 
properties of this uniform sample including the distri- 
bution of N H , T, L c 2 °^ QkeV , and LgJ okeV /L EM . We 
also discuss the existence of correlations between these 
properties, particularly with the Fe-Ka equivalent width. 
Finally, we discuss the properties of our classified sim- 
ple and complex sources in more detail. We note that 
our comparisons throughout, for instance the fraction of 
complex sources, have not been corrected for their rela- 
tive numbers in the luminosity function. Therefore, our 
conclusions are based solely on the sources in our BAT 



AGN sample and not in the entire phase space of AGN. 

4.1. Distribution of Nh and T 

In Figure HJ we plot the normalized column density 
distribution of the simple (left) and complex (right) 
sources. The column densities are columns above the 
Galactic value, measured from the X-ray spectral fits. 
Where no additional absorption was necessary, we set 
Nh = 10 20 cm -2 . From the plots, it is clear that sim- 
ple model sources have much lower column densities than 
sources with spectra modeled with a complex model. The 
mean and standard deviation for these log Nh distribu- 
tions are: ^ = 20.58, a = 0.74 (simple) and /i = 23.03, 
g = 0.71 (complex). Notice that none of the complex 
model sources have columns of log Nh < 21. As already 
noted above, none of the simple power law model sources 
have columns of log Nh > 23. 

With our simple model fits, we have determined the 
photon spectral index, T, best fit to the continua of our 
sources. We excluded a treatment of reflection, using a 
simpler model which is recorded more uniformly through- 
out the literature (absorbed power law/ partially cover- 
ing absorbed power law models). This allows us to use 
results from the literature for most of our sources. If 
we had used the reflection model (pexrav in XSPEC), 
many fewer literature results could be included. In Fig- 
ure [5l we plot the distributions for the simple power 
law model (left) and the more complex model (right). 
For the complex sources, we exclude 3C 45 2 whose flat 
spect rum is best characterized by reflection ()Evans et al.l 
2006). The mean and standard deviation for the simple 
model is /i = 1.78 and a = 0.24. This is consistent with 
the < r >= 1.75 we obtai ned from our representative 
sample (| Winter et al.l 12008). For the complex sources, 
10 had been best fit by a double power law model while 
the rest were fit with a partial covering model. Of these 
10, all but 2 had detail s of the corre s pond ing best-fit 
partial covering model in lTurner et al.l ([1997) . We com- 
puted the average difference between the two model fits 
(< r pc/abs >=< T db i > /1.18) and applied this cor- 
rection to estimate T pc f a i, s for the 10 applicable sources. 
Thus, our distribution is computed using the partial cov- 
ering model spectral index. The mean and standard devi- 
ation for the complex partial covering model is [i = 1.73 
and a — 0.45. There is a larger spread of values for 
the complex sources, compared to the simple power law 
model sources. However, there is only a slight differ- 
ence in the average spectral index (0.05). This result 
is consistent with t hose of our representative sample in 
IWinter et afl (|2008f ). which agrees with the ave rage AGN 
photon indices reported in [Mushotzkvl (|1982f ) of w 1.8 
from HEAO-1 observations. 

4.2. Distribution of i^-TofeeV and L T-iokev/ L Edd 

In this subsection, we test whether Sy 1 and Sy 2 
sources have the same or different distributions of both 
hard band X-ray luminosity (2-10 keV) and accretion 
rate. Towards this end, we needed to compute an ab- 
sorption independent measure of 2-10 keV luminosity as 
well as the Eddington luminosity. In terms of 2-10 keV 
luminosity, absorption has little to no affect on the un- 
absorbed luminosity for sources with Nh < 10 22 cm~ 2 . 
Therefore, for these sources we used the quoted 2-10 keV 
flux to compute ^"-lokev (absorption corrected 2-10 keV 
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luminosity). For all luminosity calculations, we used A = 
0.7 and H = 75kms~ 1 Mpc -1 . Above N H = 10 22 cm~ 2 , 
absorption has a significant affect on the 2-fOkeV flux. 
For these sources, we used XSPEC to calculate the un- 
absorbed 2-10 keV flux, which we then used to compute 

t corr 

In Figure we plot our absorption corrected 2- 
lOkeV luminosities versus the 14-195 keV luminosities. 
We find that the data is well fit (R 2 — 0.85) by a line: 
logL£° r f ofeey = (1.06 ±0.05) x logi 14 -i9 5fce y + (-3.08± 
2.16) . Therefore, the relationship is linear (^-TofceV <x 
L\A~wbkev) showing the validity of our absorption cor- 
rected 2-10 keV luminosities. On the plot, we label the 
5 sources which deviate the most from this relationship 

(sources with 1.7 > £l4-195kev/-^2^10fceV 

> 1.2). A 

likely explanation for these sources (NGC 931, 2MASX 
J09180027+0425066, NGC 2992, NGC 5728, and NGC 
6814) deviating from the linear fit is variability in the 
X-ray spectra, either in the BAT band or the 2-10 keV 
band. Indeed, t he 64 day 14-195 keV light curves of each 
of these sources (|Baumgartner et aT1l2008t ) show variabil- 
ity by at least a factor of 2. See section 3, where we dis- 
cuss the effects of time variability on hardness ratios. In 
FigureEh, we plot the ratio of L^l^y / Lx^-xmkeV ver- 
sus the total luminosity in both bands. As shown, there 
is no relationship (R 2 << 0.1). We also indicate on the 
plot values of spectral index (r) for a constant ratio of 
^ 7 2-TofceV'/-^i4-i95feeV, assuming that the T is constant 
between both bands (T^ okeV = ri 4 _i9 5fce y). 

To calculate the Eddington luminosity, we used the 
black hole mass computed from stellar 2MASS K magni- 
tudes. In Mushotzky et al. 2008 (submitted), we calcu- 
lated the stellar magnitude from the total 2MASS magni- 
tude (obtained from NED) and a nuclear magnitude, cal- 
culated by using the IRAF task qphot to extract circular 
photometry from an aperture equal to the PSF FWHM 
of the 2MASS images. The stellar absolute magnitude 
was computed as: M steUar = 2.51og(x/(x - 1)) + M tot 
, where X = F tot /F nuc = lQ-Q-4(M t <,t-M„ ue ) _ We then 
transformed the measured stellar 2MASS K magnitudes 
to ma ss using the relation set forward in iNovak et al.l 
((III): \ogM BH = 8.19+0.524x(M if(sieHor) -23) . The 
assumption made, in computing the mass, is that the K 
band stellar light is dominated by the bulge. Further de- 
tails can be found in Mushotzky et al. 2008 (submitted), 
where we show that the derived stellar luminosity is not 
correlated with the X-ray luminosity (14-195 keV) but 
that the nuclear luminosities are. 

Comparing these black hole masses to the re sults from 
reverberation mapping (|Peterson et al.l l2004f ). we find 
that the values agree within the quoted margin of er- 
ror for the reverberation study (a factor of 3). L E dd 
is then computed as Mbh x 1-3 x 10 38 ergss _1 . As an 
estimate of accretion rate (L/L Ed d), we use the ratio 
of LI^TofceV' A^dd- Both quantities are related by the 
bolometric correction, which could be as large as 100. 
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Assuming a constant bolometric correction, L 
proportional to L. We list both black hole mass and 
L^iofeeV I^Edd in Table [4] for the uniform sample. 

In Figure we plot the distribution of our accretion 
rate proxy, L^ okeV /L Edd , for the 34 Sy 1-1. 2s (red) 
and 32 Sy 2s (blue). We find that there is a clear dif- 
ference in the distributions, with the Sy 2s having lower 



ratios of L^^TofeeV I^Edd- To quantify this, the mean and 
standard deviations for the logarithm of accretion rate 
are /i — —2.92 and a — 0.57 for Sy 1-1. 2s and /i = —3.53 
and a — 0.75 for Sy 2s. Since we used unabsorbed lu- 
minosities to compute ^-^—idkeVi th' s effect is not sim- 
ply due to the Sy 2s being absorbed and therefore less 
luminous. We find that the difference in distributions 
also holds for luminosity alone, where \x = —2.92 and 
a = 0.57 for Sy 1-1. 2s and /i = —3.53 and a = 0.75 for 
Sy 2s. Using the Kolmogorov-Smirnov test, we find that 
the differences in distributions are significant, both hav- 
ing a very small P value (< 0.001) or probability that the 
two samples are drawn from the same parent population. 

The result of Sy 2s having lower hard X-ray lumi- 
nosities than Sy Is is not new, but the Eddington ra- 
tio result is. A lack of X-ray obscured sou r ces at 
hig h luminosities was not ed by iReichert et alj (I1986D 
andlPiconcelli et all (120021). T he results of iSteffen et all 
(20031 and lUeda et alJ (|2003l ) showed that the fraction 
of obscured AGN is lower at high luminosities. Our lu- 
minosity distribution results are new, however, in that 
the BAT AGN include the "hidden" sources which had 
not previously been identified as a class. Therefore, our 
study is much more unbiased with respect to absorption 
than the previous studies. 

Also, more importantly, we show that it is not simply 
the 2 - lOkeV luminosities which are different but also 
the accretion rates, estimated by ^"-wkeV /^ Edd - These 
results provide a challenge to the unified AGN model. If 
all AGN were essentially the same but viewed at different 
angles with respect to obscuring material, there would be 
no difference in the distributions of accretion rate or in- 
trinsic luminosity. The fact that we are seeing these dif- 
ferences suggests that there is something fundamentally 
different besides the amount of obscuration. However, 
if the bolometric correction for hard X-ray luminosities 
varies between absorbed (correction of w 85) and un- 
absorb ed sources (correction of ~ 35), as iBarger et alj 
(2005) suggest, then our distributions of accretion rates 
would be the same. However, the unabsorbed X-ray lu- 
minosities would still differ and thus there is still a dis- 
crepancy with the unified model. 

We are aware of at least three modifications to the 
unified model that can explain this difference in distri- 
butions between Ljj^TofceV I^Edd m Sy Is and Sy 2s. The 
first possibility is a luminosity dependent opening an- 
gle for t he molecular tor us, such as the receding torus 
m odel of iLawrencel (|1991| ) . A second model is presented 
in iNicastrol (2000). where the broad line region is pro- 
duced from a wind from the accretion disk. The wind is 
produced at a boundary between radiation and gas dom- 
inated regions of the disk and its existence is dependent 
on reaching (or exceeding) a critical accretion rate. Our 
observation of a lower distribution of accretion rates in Sy 
2s supports this claim. Their model also predicts that no 
hidden broad line regions should exist for low accretion 
rate sources. Such a test of the existence/non-existence 
of polarized broad line regions i n the lowest accretio n 
rate sources [Lhoil 'Lem < 10~ 3 (|Nicastro et al.|[2003T) ). 
is beyond the scope of this paper. 

Another possibility is that, at lower luminosities, the 
host galaxy light is so much brighter than the emis- 
sion fro m the broad line region that it is completely 
masked (jMoran et a l. 2002). Therefore, broad line galax- 
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ies sh ould be brighter, as we found. In iPeterson et al.l 
(2006), it is shown that the properties of high z objects 
may be modified by dilution of X-ray spectral features by 
star formation. Given the arc min resolution of ASCA, 
used for most of our spectra, this allows the blending 
of emission from star formation and other non-nuclear 
X-ray features. We expect this effect to be most pro- 
nounced for low luminosity sources, where the ratio of 
AGN emission to star formation/galaxy emission is low- 
est. We quantify the possible effects of this dilution in 
section 4.6. 

4.3. Correlations of T with J^-iokeV an< ^ 

ycorr /j 
^2-10keV / L Edd 

Based on recent studies (iPorquet et alj l2004bt 
iPiconcelli efail l2005t IShemmer et al.N2006D . we wanted 
to test whether the X-ray power law index is correlated 
with the 2-10 keV luminosity or accretion rate. In com- 
paring our results from a very hard X-ray selected sam- 
ple with the results from these soft X-ray selected sam- 
ples, we aim to highlight differences in the spectral prop- 
erties between the samples. In Figure HI we plot the 
photon index versus L^-TofceV (top left) and the ratio 
of ^"-lokev /^Edd (bottom left). We see no evidence 
of a correlation between T and 2 - lOkeV luminosity 
or Eddington ratio, even among the Seyfert 1 sources 
which have smaller associated error bars on T. Based on 
previous studies, correlations between T and L^ -TofceV 
have been seen i n high-redshift samples (jDai et alJl2004t 
ISaez et alJl2008ft. but not among the low-redshift sample 
(z < 0.1) of iGeorge etal] (|2000t) . Thus, with our low 
redshift sample (< z >= 0.03), we confirm earlier results 
showing no correlation. 

While we did not find a correlation betw een T and our 
Eddin gton ratio proxy on average, earlier in lWinter et alj 
(2008) we had found a correlation between flux and spec- 
tral index for individual sources. This correlation was 
found when we compared multiple X-ray observations 
from XMM-Newton and XRT. Similar results had bee n 
seen before for individual AGN (jMushotzkv et aOl993Q . 
Thus, these results show that while on average there is 
no relationship between T and a given Eddington rate, 
on a source by source basis, the photon index becomes 
steeper with higher accretion rate. We interpret the fact 
that we do not see a correlation in the average plot as 
a result of each individual source having a broad range 
of luminosities and accretion rates which they vary be- 
tween. Since the individual ranges overlap between the 
sources, the scatter is a n atural result. 

Comparing further with IShemmer et al.l (|2006l ). we see 
at least two possibilities for our different re s ult. F irst, 
the 30 objects selected by IShemmer et al.l (|2006l ) are 
moderate to high luminosity RQQs. Our sample, how- 
ever, includes lower luminosity sources not present in 
their sample. It may be that the correlation is only 
there for the most luminous AGNs. In this case, the 
more luminous AGN may be more similar, perhaps hav- 
ing the same trigger (like a large-scale merger event 
(|Di Matteo et al.ll2005f which dictates a specific range 
of accretion rates. Our sample is more heterogeneous 
with a larger range in properties and possibly multiple 
triggers for AGN activity. Second, the Shemmer black 
hole masses are estimated from the width of the opti- 



cal H- /3 line (jPorquet et alj (|2004bf) and IPiconcelli et all 
(2005) use the luminosity at 5100A) while we used the 
stellar K-band flux. It is possible that there is a bias in 
the Shemmer black hole mass determinations relative to 
ours. The H-/3 line width m ay have an explicit depen- 
dence on r (jLaor et al.lll997f ). in addition to black hole 
mass and luminosity. 

4.4. The Fe-Ka Feature 

Yet another important feature of AGN spectra is the 
Fe Ka line. For 83/102 sources (81%), a measurement of 
the strength of this line, via the equivalent width (EW), 
was available. The missing objects include most of the 
XRT observed sources as well as some from the litera- 
ture. For these sources, the data were not of sufficient 
quality to accurately measure the Fe K line strength. In 
Figure [U we plot the Fe-Ka (6.4 keV) EW versus ab- 
sorption corrected 2 - lOkeV luminosity and our proxy 
for the Eddington ratio. We note that for three bright 
Seyfert 1 sources (Fairall 9, 3C 120, and 3C 382), the 
ASCA data show a strong, broad, Fe K-a line that is 
not seen in further observations. While we include the 
ASCA fit parameters, the high EWs for these sources 
cause these three points to be clear outliers. 

The X-ray Baldw i n/ " Iwasawa-Taniguchi" effect 
(jlwasawa fe Taniguchil [1993) is the anti-correlation be- 
tween Fe K-a and luminosity, quantified as EW oc 
£ -o.i7±o.Q8 bv | Page et al ] pool . Recently this effect 

has be en r eported in rad i o quie t samples of I Jiang et al.l 
(|2006h and lBianchi et all (|2007l ). In the top left panel of 
Figure [9l we see no evidence of the X-ray Baldwin effect. 
However, when we bin the sources by luminosity (exclud- 
ing the 3 questionable measurements) we do find a corre- 
lation (top right panel) . This correlation is seen when we 
choose the average Fe K EW in each luminosity bin, with 
log EW = (-0.23 ±0 03) x logL^r + (12.11 ± 1.17), 
and is similar to the iPage et alj (|200l measured slope. 
The significance of the anti-correlation, measured by a 
correlation co-efficient of R 2 = 0.93 (99% significance), 
seems to confirm the X-ray Baldwin effect. However, 
the results are deceiving. We find that when we alter- 
natively use the median EW, the correlation becomes 
much weaker (R 2 = 0.63). This shows that the more 
absorbed, lower luminosity sources - among them, the 
hidden AGN missed in other surveys - are skewing the 
results. Therefore, our data does not confirm the inverse 

B aldwin effec t. 

Uiang et all (|2006| ) suggested that the X-ray Bald- 
win effect is driven by a correlation of Fe K-a EW 
and Edd ington ratio. Such an anti-correlation was 
found bv iBianchi et all (|2007f) . who found that EW cx 
Lboi/L^J 9 ^- 05 . In the bottom left panel of Figure El 
we plot the EW versus our proxy for Eddington ratio. As 
with the luminosity, we do not immediately find any cor- 
relation. However, when we again bin the values (exclud- 
ing the 3 questionable measurements), we find an anti- 
correlation. Using the mean values of Fe K-a EW, we 
find that log EW = (-0.26±0.03) x \ogL^ okeV / L Edd + 
(1.40 ± 0.10), with R 2 = 0.89. Further, unlike in the lu- 
minosity plots, this relation also holds true when we use 
the median EW. Thus, our data shows no correlation 
with unabsorbed 2-10 keV luminosity but does show an 
anti-correlation with Eddington rate. 
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This suggests that the primary relationship causing the 
X-ray Baldwin effect is the relationship between Fe K 
EW and accretion rate. From Figure [7J we found that 
the distribution of i^iofceV I '^Bdd is different between 
absorbed and unabsorbed sources. The Sy 2s have lower 
accretion rates than Sy Is. We also find this in FigurefTOl 
where we plot the Eddington rate proxy and the Fe K 
EW versus hydrogen column density (Njj)- In Figure [TOl 
(left), we see that while there is a large range of accre- 
tion rates for a given column density, the higher column 
sources tend to have lower accretion rates. In Figure [TX)1 
(right), we find that the higher Njj sources also have 
higher Fe K EWs. This result is expected, particularly if 
some of the sources are Compton thick. However, since 
there are sources with higher EWs and lower Njj, there 
is no direct correlation between EW and column density. 

Support ing the case that EW is correlated with accre- 
tion rate, Ma ttson et al.1 (|2007f ) reported a correlation 
between F and Fe K EW. Their data sample consisted 
of 350 RXTE spectra of 12 Sy 1 - 1.2 sources, thus, 
as shown in their Figure 3, it appears that the anti- 
correlation (except for jet dominated 3C 273, where there 
is a correlation) is seen mostly for multiple observations 
of the same source. Since T steepens with increasing ac- 
cretion rate, we claim that the primary relationship is 
again accretion rate and EW. 

4.5. Simple Power Law Model Sources 

Nearly half, 46/102, of the uniform sample were well- 
fit by a simple absorbed power law model. As men- 
tioned, none of these sources had X-ray column densi- 
ties > 10 23 cm~ 2 . In this subsection, we detail addi- 
tional properties of these sources. In particular, from 
the data available we can compare optical Seyfert type 
with the X-ray column density and examine the sources 
more closely for soft excesses. While we hoped to ex- 
amine sources with warm absorbers in detail, given the 
non-uniform nature of analyses of warm absorbers in the 
literature, we defer this topic to a later study. 

First, we discuss the optical versus X-ray type. For 
each of the simple model sources, an optical Seyfert type 
is listed in Table [TJ Most of the sources, 30/46 (65%), 
have optical classifications of Sy 1 - 1.2. The mean X- 
ray column density for these sources corresponds to a low 
column density, logNn = 20.7. As expected, the Sy 1.5 - 
1.9 sources (13/46 or w 28%) have a higher mean column 
density of log Nh = 21.8. The 3 Sy 2 sources have a mean 
column density of \ogNn = 22.8. Therefore, for the sim- 
ple model sources, there is no large discrepancy between 
the X-ray and optical classifications. In the unified model 
of AGN, the presence/absence of optical broad emission 
lines is explained as an effect of viewing angle. There- 
fore, sources whose optical spectra show broad emission 
lines (Syls) would have little obscuring material blocking 
the central AGN emission while sources with no broad 
lines (Sy2s) would be more heavily obscured. Thus, our 
results agree, in general, with the unified model. 

Next, we will examine the spectral fits in more de- 
tail. As a first step, we look at the goodness of fit for 
our sources through the \ 2 parameter. While a simple 
power law or power law and blackbody model was a bet- 
ter choice for our sources than a more complex model 
(like the partial covering model), 4 of the simple model 
sources have x 2 /dof values of 1.3 or higher (in Tables [2] 



and [3]). Of these, XSS J05054-2348 only had XRT data 
available. The number of data points for this source is 
small, so the high x 2 /dof value may be a product of poor 
statistics. Of the remaining sources, the source with the 
highest x 2 /dof value (2.2) is Mrk 841. For this source, 
XMM-Newton observations analyzed by iPetrucci et al.l 
(2007) showed an Fe line complex. In addition, this 
source is known to have a strong soft excess. These 
features were not well fitted by the simple models em- 
ployed in this study. Additionally, Chandra observations 
of M rk 279 reveal the p resence of a weak absorbing out- 
flow (jFields et al.ll2007l ). Similarly, a high-quality XMM- 
Newton spectrum of NGC 4593 reveals an ionized warm 
absorber in addition t o the soft excess, as we ll as cold 
and ionized Fe K lines (jBrenneman et aill2007f) . 

In the spectral fits for our simple model sources, we 
allowed for the addition of a blackbody component to 
model the presence of a soft excess. In our uniform 
sample, 19/46 (« 41%) of the sources required a black- 
body for a statistically improved fit. This is slightly less 
than the 50% found in IWinter et~aT1 (|2008D . The mean 
blackbody temperature for our sources is kT = 0.10 keV 
with a = 0.07 keV. This value agrees with the blackbody 
temperatures found for the PG quasars (|Porquet et al.1 
I2004U [Piconcelli et al. l l2005l) as well as those for type 1 
AGN in the Lockman Hol e dMateos et al.ll2005fl. W e note 
that unlike the results of iGierlinski fc Pond ([2004), who 
found < kT > = 0.12 keV with a = 0.02 keV for the PG 
quasars, we do see scatter in the values of kT (which be- 
comes apparent in Figure [TTj). However, since they used 
two Comptonization models instead of a blackbody and 
power law model, it is hard to make a direct comparison. 

For the sources with measured soft excesses, we wanted 
to test whether there was a relationship between the 
blackbody temperature (kT) and our proxy for Edding- 
ton rate, black hole mass, and the photon index (r). 
In Figure QTJ we plot the results of these comparisons. 
As seen in the figure, there is no correlation of any of 
these values. We tested this by calculating the coeffi- 
cient of determination, R 2 , which was < 0.10 for each 
comparison. Based on current understanding of the 
soft excess, we did not expect to find correlations for 
these parameters. If the soft excess were the result of 
a thermal process, blackbody emission from a disk sur- 
rounding the black hole, we would see a correlation be- 
tween black hole mass and the blackbody temperature 
(T oc A/" 1 / 4 L/L Edd 1/4 ). We do not find a correla- 
tion between kT and mass, kT and i^iofceV '/ ^Edd, or 
kT and L c 2 °r£ 0keV /L Edd 1/4 x (A//M©)- 1 / 4 (not shown in 
Figure fTTj) . 

In Figure [IT] we also plot the luminosity in the power 
law component versus the luminosity in the blackbody 
component. Combining spectra from our own analysis 
with downloaded spectra of sources with soft excesses 
previously analyzed in the literature, we calculated unab- 
sorbed fluxes for 17/19 sources in the 0.3-10 keV band for 
each component (power law and blackbody). As shown 
in the plot, we did find a correlation between the two 
values. The correlation is signficant, R 2 = 0.48, with 
L pow = (0.79 ± 0.14) x L kT + (9.34 ± 6.04). Thus, we 
find that L pow oc LkT- Such a relationship may provide 
a challenge to soft excess models where the excess is the 
result of an absorbing model, unless there is an explicit 
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luminosity dependence between the absorbing wind and 
source emission. In terms of a reflection origin, where the 
soft excess is the result of emission from reprocessed disk 
emission, there is no implicit contradiction. However, in 
this case, our results indicate that since the reprocessed 
emission (L^t) is the same order as the input spectrum 
{Lpow) the process would need to be highly efficient, with 
the reprocessor occupying a large solid angle and a very 
high reprocessing efficiency. 

4.6. Complex Sources 

Slightly more than half of our sample 55%) con- 
sists of sources whose X-ray spectra were not well-fit by 
a simple absorbed power law model. Here, we discuss 
the optical types of these sources. We also discuss the 
fraction of complex sources and the nature of the com- 
plexity. 

As expected, the optical types for the complex sources 
are opposite those of the simple model sources. Here, 
only 4 sources are identified as Sy 1 - 1.5, where the com- 
plexity in their spectra is a result of complex absorption 
(e.g. IC 4329A is known to h ave at least 7 separate a b- 
sorbers in the X-ray spectrum (jSteenbrugge et ail2 005)). 
The majority of sources are Sy2s (36/56 or 64%), with 
the remaining 16 sources Sy 1.5 - 1.9s (29%). As with the 
simple model sources, the optical types roughly matched 
the X-ray column densities. The mean values of log Nh 
corresponded to 22.0 (Sy 1 - 1.2), 23.2 (Sy 1.5 - 1.9), and 
23.6 (Sy 2). Thus, we find no substantial discrepancy be- 
tween our data and the standard unified AGN model for 
our entire uniform sample, with respect to X-ray/optical 
classifications. 

One question remaining is the cause of the complexity. 
We fit the spectra in this category with a partial cov- 
ering model, but this model is flexible and can be used 
to describe more than just a cloud or clouds of material 
blocking some of the AGN light. As already mentioned, 
one cause of complexity is complex absorption, e.g. warm 
absorption. The Seyfert 1-1.2 sources from our sample 
with complex spectra are known to fit in this category. 
Another possible cause of complexity is scattering of di- 
rect emission from an obscured region into our line of 
sight, accounting for the soft emission (< 2keV). We 
can not easily test either of these theories with our data. 
Yet another cause of complexity could be that the soft 
emission is not from the AGN, but rather from X-ray 
binaries, star formation, or hot ionized gas in the host 
galaxy. Since we do not expect this emi ssion to exceed 
a few x 10 ergs s" - 1 (jRanalli et all [20031. we can auto- 
matically rule out this scenario for sources with higher 
luminosities in the soft emission. 

In Figure fT2l (left), we plot the distribution of soft X- 
ray luminosity in the 0.5-2.0 keV band for our complex 
sources. The mean luminosity is log Lo.5-2.o/ceV = 41 
with a = 0.94. We find that only 13/54 sources have soft 
emission high enough to exclude a simple explanation 
of galactic emission (log Lo.5-2.ofceV > 41.5). For these 
sources, which include all of the 4 Sy Is as well as 3 "hid- 
den" AGN, it is unlikely that the soft emission is from 
the host galaxy. The fact that a few of the hidden sources 
can not be explained by this model suggests that an alter- 
native model, like scattering or partial covering, is more 
favorable. However, for 75% of the complex sources, the 
luminosities are too low to exclude galactic emission. In 



Figure [12] (right) , we plot the observed soft luminosity 
versus the observed hard luminosity. We would naively 
expect the two luminosities to be directly correlated if 
they are related and not due to galactic emission. Of 
course, the effects of obscuration in the 0.5-2 keV band 
have not been considered to make this plot, particularly 
since the nature of the soft emission is ill-determined. A 
strong correlation is not seen, but this does not rule out 
any of the possibilities. Unfortunately, the present data 
set has too low an angular resolution, on average, to dis- 
tinguish galactic sources of soft emission from the AGN. 
We know that in some cases, e.g. Circinus, NGC 1365, 
and NGC 4151, the soft emission is due to X-ray bina- 
ries, hot gas from star formation, and extended emission 
from AGN cores, respectively. However, higher quality 
data with the superior spatial resolution of Chandra is 
needed to solve the problem of the origin of the soft emis- 
sion. Even with the low fluxes of many of our sources, 
not very long (« 10 ks) Chandra exposures would be re- 
quired to obtain images of the soft emission. 

Earlier, we had shown that the distribution of 2- 
lOkeV luminosities and our Eddington ratio proxy 
(^2-TofceV / LEdd) was lower for Sy 2s than Sy Is. An- 
other important investigation that we can now make is 
the fraction of obscured AGN as a function of luminos- 
ity and accretion rate. In Figure I13[ we show the re- 
sults of the fraction of sources with column densities 
above \og Nh = 22 in each indicated 2-10 keV unab- 
sorbed luminosity bin and log i^iofeeV" / ^Edd bin. We 
also show the subset fraction of sources with log Nh > 23 
(in black) . These plots show us that there are clearly less 
obscured sources at high luminosity The highest lumi- 
nosity bin is composed entirely of unabsorbed sources. 
One interesting thing to note, however, is that the most 
absorbed sources (log Nh > 23) are not more numer- 
ous at lower luminosity. Rather, they are merely a sub- 
set of the absorbed sources. Instead, the sources with 
23 > log Nh > 22 dominate in the lowest luminosity 
bins. It is unclear what this result implies. However, 
our results clearly support previous studies which found 
the fraction of obscured sources low at high luminosi- 
ties and higher at lower luminosities (jUeda et alj 120031 
ISteffen et all 120031 : iBarger et all 12005( 1 . Our results ar- 
gue even more strongly that there must be a modification 
to the unified model which includes dependence on lumi- 
nosity. 

Our plot of the fraction of absorbed sources by binned 
accretion rate (Figure [T3l fright)), is more difficult to in- 
terpret. While absorbed sources do dominate at the low- 
est values of log LS^]~ okeV /LeMi the highest Eddington 
rate bin also shows a large fraction of absorbed sources. 
However, we find that this bin includes fewer sources 
(8), and the result could be a product of poor statis- 
tics. We do note that, as with luminosity, the fraction 
of the most heavily absorbed sources (log Nh > 23) does 
not appear to increase with decreasing Eddington rate. 
Rather, it appears to remain nearly constant. Still, on 
the whole, the absorbed sources make up the largest frac- 
tion of sources at low Eddington rate and a lower fraction 
at high Eddington rates. 

Another important conclusion drawn from our analy- 
sis is that the percent of "hidden" AGN, sources with 
low scattering fractions (< 0.03), is significant. These 
sources comprise 45% of the complex sources and 24% of 
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our uniform sample. This highlights the importance of 
the BAT survey and its ability to find obscured sources, 
since these objects have no indication of AGN activity in 
the soft X-ray band. Now that these sources are firmly 
established as an important subset of local AGN, it is im- 
portan t to understand their properties. In lWinter et al.l 
( 2008), we had noted that fitting the sources with a re- 
flection model is problematic. We were unable to con- 
strain the reflection parameter or the cutoff energy, even 
with the addition of the BAT spectrum (14-195 keV). 
Further, while the partial covering model provides a de- 
cent fit, this model is very flexible. One probable expla- 
nation for the hidden/buried AGN, is that t hey are em- 
bedd ed in a very geometrically thick torus ()Ueda et al.l 
l2007h. 

iFab ian et all (|1998f ) proposed a model in which low- 
luminosity AGN were obscured by nuclear starbursts. 
This is on e possible ori g in for a geometrically thick torus. 
Following lUeda et all (|2007l ). we used the 60 ^m and 
100 ^m fluxes from the Infrared Astronomical Satellite, 
obtained from NED, to estimate the far infrared luminos- 
ity of the hosts of the hidden sources. We found these val- 
ues for 16/24. The mean value of logLpiR — 43.76 with 
a = 0.42. We also computed the ratio of ^-TofceV / ^ F 1 R- 
Here, we find that the mean value is 0.26 with a = 0.26. 
This value is consistent with r atios for AGNs in the lo- 
cal universe, as pointed out bv lUeda et alJ ((2007). It is 
the sources with very small ratios, << 0.1, which indi- 
cate the possibility of significant starburst activity. In 
our sample, only 6 sources fall into this category, with 
the lowest ratio (0.007) corresponding to NGC 7582, an 
object whose H and K band nuclear light is dominated 
by young supergiants (jOliva et al.lll995h . However, with- 
out higher quality IR observations of the nuclear region 
and an analysis which can separate out any AGN emis- 
sion, little conclusions can be drawn from this data. We 
(Weaver et al. in prep) have obtained Spitzer data for a 
significant fraction of our objects to examine this issue. 

Yet another question remaining is how many sources 
are Compton-thick. This is not an easy question to an- 
swer, especially since different authors use different defi- 
nitions. In general, the term has been used to apply to: 
(1) heavily obscured AGN (N H > 1.4 x 10 24 cm" 2 , (2) 
spectra with a high EW Fe K line, (3) spectra with a 
flat power law continuum, and (4) spectra with a re- 
flection hump. The last three criteria are all indica- 
tions of a reflection dominated spectrum. If we take the 
Compton-thick definition to apply to sources whose col- 
umn densities are > 1.4 x 10 24 cm~ 2 , none of the BAT- 
detected sources are Compton-thick. There are, how- 
ever, sources which come close (NGC 612, NGC 3281, 
NGC 1365, NGC 5728, NGC 6921, and NGC 7319), with 
Nh ~ 10 24 cm~ 2 . Without simultaneous data above 
10 keV, it is extremely difficult to definitively discrimi- 
nate between reflection models and partial covering mod- 
els. Even with simultaneous data from Suzaku, we are 
finding it impossible for some sources (Winter et al., in 
prep). However, this is not the case for all sources, for 
instance, NGC 5728 strongly prefers a reflection model 
and exhibits a strong iron K EW (~ 800 eV). There- 
fore, it is clear that if other criteria are used we do find 
Compton-thick sources. For instance, we find that 6 
sources exhibit a very flat spectrum (r < 1.0). Alter- 
natively, 6 sources have strong Fe K equivalent widths 



(EW > 600 eV). From our data, we cannot test for the 
presence of a reflection hump, since the feature is pre- 
dominately above lOkeV. However, with the BAT spec- 
tra such studies are forthcoming. Combining criteria, 
only 1 source shows both a flat continuum and a strong 
Fe K EW, NGC 5728. However, the column density is 
still below the strict Compton-thick limit. In this discus- 
sion, we have not considered the complicated spectra of 
Cen A, NGC 1275, and the double nucleus NGC 6240, 
who may also have consistent properties with the various 
Compton thick definitions. 

5. THE COSMIC X-RAY BACKGROUND 

The most recent synthesis models for the cosmic X- 
ray background (CXB) find that heavily obscured and 
Comp ton thick AGN are as important as unabsorbed 
AGN (jGilli et al.ll2007T) . With a uniform sample of AGN 
from the BAT, we can begin to understand the contri- 
butions of both types of AGN in the local Universe. In 
the previous section, we have presented the distribution 
of column densities and power law indices from the 0.1 - 
12keV X-ray bands for our unique uniform 14 - 195 keV 
X-ray sample. These properties will provide a valuable 
input to the CXB models for low redshift (z s» 0) AGN. 
In addition, in this section we provide the 2 - lOkeV 
log TV-log S relationship. With this relationship, we will 
comment on the completeness of a very hard X-ray se- 
lected sample in the 2-10 keV band and its implications. 

5.1. The Average X-ray Spectrum 

Having compiled all of the properties of the 9-month 
BAT AGN sources, we present the average 0.6-10 keV 
X-ray spectrum for our uniform sample of 102 sources in 
Figure 1141 Since the normalization values are not uni- 
formly recorded in the literature, we could not simply 
add the spectra together. Instead, we construct the av- 
erage spectrum using the shape of the spectrum (from 
the absorbed power law models) with 2-10 keV flux used 
to weight the contribution to the average spectrum. 

To construct the average spectra, we have excluded 
three important AGN features: blackbody compo- 
nents/soft excess, Fe K lines, and reflection. We do 
not include blackbody components since the < kT 
0.1 keV components have very little spectral effects at 
E > 0.6 k eV, the energy above w hich the CXB is well 
measured dMcCammon et al"1l2002[ ). It is almost impossi- 
ble to measure the diffuse background below this level be- 
cause the Galaxy's soft X-ray background is very bright 
at E < 0.7 keV. A significant fraction of our spectra are 
from XRT observations, where one cannot constrain Fe 
K line emission or reflection. Also many of the ASCA, 
XMM, and other data sets were analyzed in many dif- 
ferent ways with respect to reflection and without re- 
analyzing the entire data set in a uniform fashion one 
cannot model reflection correctly. In particular, we do 
not believe that the exclusion of reflection has a signifi- 
cant effect on the average spectrum < 10 keV, since the 
effect of reflection is typically rather small at these ener- 
gi es (for all but the largest reflection fractions). In fact, 
as iNandra &; Pounds! (|1994h show, a T — 1.7 power law 
is almost a perfect match to a T — 1.9 power law with 
reflection in the 2-10 keV band. 

The average spectrum was constructed as: 1(E) = 
Y^AiXFiX E x - T ' . For each source, Fi is the observed 
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2-10 keV flux. The measured spectral index was used 
as the main component of the AGN emission. Finally, 
Ai represents the absorbing column density. To apply 
the absorption term, we constructed a grid of XSPEC ab- 
sorption models using an input power law with a spectral 
index of 1.73 (the average of the complex model sources). 
The models included simple absorption using tbabs with 
log Njj = 20,20.5,21,21.5,22,22.5,23 and complex ab- 
sorption using pcf abs with a partial covering fraction of 
0.95 and \ogN H = 21.5,22,22.5,23,23.5,24. The flux 
of the output XSPEC models corresponds to normalized 
photons cm -2 s _1 keV -1 . In order to compute A for each 
model, we divided the model by the power law contribu- 
tion (i? 1-1 - 73 ) and multiplied by energy. We then applied 
the appropriate model for each of the sources based on 
Nh and the complexity flag. 

In Figure rjj] the contributions of the simple model 
and complex model sources are shown. We note that 
we chose to neglect additional soft emission and Fe K 
line signatures, as well as reflection. Fitting a line 
to our spectrum for energies above 0.6 keV, we find 
logl(£0 = (-0.369 ± 0.004) logS + (-12.989 ± 0.003) 
, with R 2 = 0.97. Thus, we find T » 1.37. This result 
is quite remarkable. In 1980, HEAO-1 found that the 
CXB could b e modeled as a powe r law with T = 1.4, 
below 15kcV (Marshall et al.|[l980f ). However, the nar- 
row distribution of power law indices (r ~ 1.7) for AGN 
led to a "spectral paradox", where it was unclear how 
averaging over these dominant bright sources re sulted 
in th e flatter power law index fit to the CXB (Boldt 
1987). The paradox was resolved theoretically by assum- 
ing that many AGN ar e absorbed, such that ~ 85% of 
their light is obscured (|Fabian & Iwasawdfl999h . With 
our simple estimate of the average X-ray spectrum from 
the SWIFT BAT-detected AGN, we have now obser- 
vationally reproduced the measured CXB slope. The 
flux from these bright sources, with a total flux of 
1.79 x 10 _9 ergss _1 cm _2 over 74% of the sky, accounts for 
only 0.29% of the CXB (2.0 x 10- n ergs s" 1 cm" 2 deg" 2 
iRevnivtsev et all (|2008f )). However, if the distribution of 
source properties at z w 1, where most of the CXB origi- 
nates, is similar to that of the BAT sources, the spectral 

pa radox is resolv ed. A similar conclusion was reached 

bv iSazonov et all (|2008D . who calculated the 3-300 keV 
SEDs of local AGN using Integral and RXTE data. 

5.2. The 2-10keV Log N - Log S Relationship 

Towards determining how complete a 14-195 keV sur- 
vey is in the 2-10 keV band, we plotted the logA- 
log S relationship for our uniform sample in the 2- 
lOkeV band in Figure [151 Here, log A is the loga- 
rithm of the number of galaxies with a 2-10 keV flux 
above the associated logS 1 value. We corrected this 
value for the BAT s ky coverage b y using the BAT sky 
coverage map from ITueller et ail (|2007l) and the 14- 
195 keV flux for each source. We found that the sam- 
ple is complete in the 2-10 keV band to logS* » —11 
(i^-iofeeV ~ 1 x 10~ n erg cm -2 s _1 ). To show this, we 
fit a line to the points above this threshold (shown in 
the plot). The fit is very significant, with R 2 = 0.97 
and log JV(5) = (-1.53 ±0.12) x log 5- (14.93 ± 1.24). 
Thus, the measured slope of —1.53 ± 0.12 is consis- 
tent with the value —1.5 expected for a uniform den- 
sity of objects. Our normalization, which corresponds to 



1.17x10 15 (ergscm 2 s 1 ) 1 sr 1 , agrees very well with 
the normalization from the 2- 10 keV log N- log S rela tion 
of HEAO-1 (2.2±°- 3 x 10" 15 (|Piccinotti et al.|[l98l for 
AGN). 

This shows that above w 1.0 x 10 -11 erg cm" 2 s _1 (2 
- lOkeV) we have a complete sample, consisting of 51 
sources. Only 9 of these AGN are Sy2s while 28 are 
Syl - 1.2s, showing that the brightest sources corre- 
spond mostly to less absorbed sources even in a very 
hard X-ray selected sample. Re-examining the aver- 
age spectrum of this complete sample (with -Fi-iofceV ^ 
10 _11 ergss" 1 cm' 2 ), we find that the shape is the same 
as the larger sample (\ogI(E) = (-0.41 ± 0.005) logE + 
(-13.019 ± 0.003) with R 2 = 0.973). Thus, the average 
spectrum of these bright sources also replicate the mea- 
sured CXB slope of T w 1.4. Of this complete sample, 
all have measured Njj < 5 x 10 23 cm' 2 and none are 
Compton-thick. In fact, most of the sources have much 
lower column densities (only 6 have Nh > 10 23 cm~ 2 ). 
This suggests that there are no local Compton-thick ob- 
jects with 2-10keV fluxes above l.Ox 10 -11 erg cm -2 s _1 . 

However, we also find that below this flux thresh- 
old we are far from complete. Particularly, towards 
logS = —12 the plot suggests that we are missing 
close to 3000 sources. Could some of these miss- 
ing sources be Com pton-thick? From log N- log S in 
ITueller et all 1)20071 ) . we know that the 9- month BAT 
AGN survey is complete in the 14 - 195 keV band 
above 2 x 10~ n crgcm~ 2 s _1 . Therefore, the missing 
sources in our sample must have 14 - 195 keV fluxes be- 
low 2 x 10~ n crgcm~ 2 s" 1 and 2 - lOkeV fluxes from 
ps 1 - 10 x 10 -12 ergcm~ 2 s _1 . Since the ratio of 
Fi4-i95keV / F2-iokeV for the majority of missing sources 
(near logS* = —12) is > 10, it is likely that these 
sources are heavily absorbed. They may be an exten- 
sion of the "hidden" AGN with higher column densities 
(log Nh > 24). We can not determine whether or not 
some of these sources are Compton-thick. 

6. HOST GALAXY PROPERTIES 

In this section, we present a simple analysis of the host 
galaxy properties of the uniform sample of BAT-detected 
AGN. Since the BAT AGN offer the first unbiased AGN 
sample with respect to absorption (Nh IS 10 24 cm~ 2 ), 
studying their host properties can provide major insight 
into the relationship between the AGN and host. This is 
particularly important since the exact trigger of activity 
around the black hole is not known. 

Since the BAT AGN hosts are located nearby (< z > — 
0.03), archived images are easily available from the Digi- 
tal Sky Survey (DSS), Sloan Digital Sky Survey (SDSS), 
and 2MASS. For our study, we use these data as well as 
publicly available information from NED. First, we pro- 
vide a simple comparison of the galaxy major axis/minor 
axis to the X-ray column density. We then discuss the 
host galaxy morphology types as well as the percentage 
in interacting galaxies. 

6.1. Host Inclination 

One of the questions left to be answered about AGNs 
is the nature of the obscuring material. Likely, there 
are many different answers to this question, depending 
on the host. In some cases, the obscuring material may 
largely be a product of looking through much of the gas 
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and dust in the host galaxy. In such case, we can use the 
inclination of the host galaxy to determine how much of 
the obscuration can be simply attributed to the host. To 
test this, we found measurements of the major axis (a) 
and minor axis (b) in NED. These data were available 
for 85/102 sources in our uniform sample. 

In Figure [ini we plot the ratio of minor to major axes 
(b/a) versus the X-ray derived column density. From 
the plot, we find that sources of all types (Syl - 2) 
have similar distributions of b/a. We find that a face-on 
galaxy (b/a = 1) could host either a Syl or Sy 2 source. 
However, the edge-on galaxies (b/a < 0.4) only host 
more absorbed AGNs. Among the 11 edge-on sources, 
only one is associated with a Syl. However, while IC 
4329A is an optical Syl.2, the X-ray column density 
is high for a Sy 1 (6 x 10 21 cm~ 2 ) and the X-ray spec- 
trum is complex. In fact, the XMM-Newton spectrum of 
this source r eveals signatures from 7 different absorb- 
ing systems {S tccnbru gge et al.l I2005T ). We note that 
iKirhakos fe; Steinerl (|1990h found a deficiency of edge-on 
galaxies in their optically selected AGN sample, which 
they explained as a lack of obscured sources in the optical 
survey. Our results support this claim, since the unob- 
scured sources are not associated with edge-on galaxies. 

For the edge-on sources, it is possible that much of the 
X-ray obscuration is from the ISM in the host galaxy. In 
the Milky Way, we know that the column density look- 
ing towards the Galactic Center is a few xl0 22 cm~ 2 . 
Therefore, this can be a plausible explanation for the 
6 edge-on sources with X-ray columns below 10 23 cm~ 2 . 
For the other 5 sources, however, the columns are simply 
too large to be attributed solely to the host galaxy. 

Excluding the edge-on sources, we find the mean val- 
ues for b/a as fi = 0.74 and a — 0.13 for Sy 1 - 1.2s, 
fi = 0.69 and a = 0.14 for Sy 1.5 - 1.9s, and [i = 0.70 
and a = 0.15 for Sy 2s. This shows that the distributions 
are effectively the same, with a difference of only 0.04 in 
b/a between obscured and unobscured AGNs. Thus, we 
can not explain differences in obscuration simply through 
the inclination of the host galaxy for these sources. The 
fact that w e see a range of b/ a values causes us to dis- 
agree with iRigbv et al.l (|2006f ). whose data on 9 opti- 
cally active AGN (AGN showing optical emission lines) 
at 0.5 < z < 0.8 led them to conclude that optically 
active AGN are only in the most face-on or spheroidal 
host galaxies. However, they also conclude that optically 
dull AGN (from a sample of 22 AGN) inhabit a range of 
b/a ratios, similar to our result for the entire sample. 
As for optically dull AGN in the 9-month BAT AGN 
sample, there are only two sources (NGC 612 and NGC 
4992), both of which are intermediate between face-on 
and edge-on with b/a = 0.64 and 0.58, respectively. 

6.2. Host Morphology 

For our uniform sample, 74/102 sources had morpholo- 
gies available from NED or LEDA (listed in Table [T]) . 
For all of these sources, we expressed the morphology 
as a T-type, follow ing the 2MASS large galaxy atlas 
(jJarrett et alJ 120031 ) and the de Vaucouleurs method. 
Here, each morphology is assigned a numerical value 
(E = -1, SO = 0, Sa = 1, Sab = 2, Irr/Peculiars 
= 9.5). In Figure fT7l (left), we plot the distribution of 
morphologies. For all of these galaxies, we also looked 
at the accompanying DSS images as confirmation of 



the NED classification. Additionally, these images 

are available for all of the 9-month surveys online at 

\protecthttp:/ /swift, gsfc .nasa.gov/docs / swift /results /bs9mon/ 
(|Baumgartner et al.l 120081 ). 

From the plot of the distribution of morphologies, 
we find that our sample includes very few ellipticals 
(« 8%). This is in direct contrast to deeper AGN sur- 
veys where the hosts are predominately in elliptical or 
re d hosts. For in s tance , the z « 1 X-ray selected sample 
of iNandra et al.l ((^007) mostly have red colors consis- 
tent with early type galaxies (ellipticals and lenticulars) . 
Meanwhile, our < z >= 0.03 sample includes a larger 
fraction of bluer hosts (spirals and peculiars). This sug- 
gests that there may be an evolutionary change in the 
host properties between local AGN and those at higher 
rcdshift. However, the SDSS results show a connection 
between Seyfert 2s and early type hos ts but also young 
stella r populations at 0.02 < z < 0.3 (Kauffman n et al.l 
2003). In order to compare more directly with both the 
SDSS and X-ray selected samples, we need more robust 
data including spectra and photometry. Thus, our re- 
sults, based on NED classifications and DSS images, are 
preliminary and we are in the process of analyzing higher 
quality images and photometry (Koss et al. in prep) as 
well as spectra (Winter et al. in prep) to substantiate 
these findings. 

In the morphology distribution plot, it is clear that a 
large fraction of the hosts (33%) are irregular/peculiars, 
with an equal percentage of Sy 1-1. 2s, Sy 1.5-1. 9s, and 
Sy2s with peculiar hosts. In some sense, the classi- 
fication as peculiar in NED can be somewhat subjec- 
tive. However, we looked through all of the DSS im- 
ages to confirm the NED classifications. In a study of 
256 n earby (z < 0.035), o ptically selected galaxies with 
HST. lMalkan et all (fl998h found only « 20% of the hosts 
"normal" (i.e. axi-symmetric, a bulge with regular ellip- 
tical isophotes, a thin, planar disk). This suggests that 
even more than the 33% identified would fit within this 
category. In Figure [IH we show optical images of four 
representative cases. Some of these sources are quite fa- 
mous and have high quality HST images available show- 
ing large dust lanes and other disturbances (i.e. Cen A, 
NGC 1275). In fact, many of these sources appear to 
be interacting with nearby galaxies (i.e. ESO 490-G026, 
ESO 511-G030) or are identified as the result of a merger 
(as for Cen A) . More images can be seen at the indicated 
BAT 9-month survey website. 

This leads to the most important result we have found 
in our analysis of the host galaxies. Namely, that a large 
fraction of the galaxies are interacting. In Table [IJ wc 
included a note of Int or Int? to indicate sources that we 
classify as interacting or possibly interacting. Here, we 
use the term loosely to describe sources which, from the 
available DSS images, have a nearby companion galaxy 
or show a heavily distorted morphology, which has pre- 
viously been identified as the result of a merger in the 
literature. We supplement the list with sources known to 
be the product of a merger (like Cen A and Cyg A). In 
addition to ESO 490-G026, Cen A, and ESO 511-G030, 
shown in Fig ure 1 181 mor e imag es of interacting hosts 
arc found in iTuellCT et~aT1 1)20071 ) . All six of the sources 
shown in Figure 8 of that paper are classified as interact- 
ing. Additionally, NGC 454, NGC 6240, and NGC 7469 
are interacting sources with HST images released in the 
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recent "Cosmic Collisions Galore!" news release. Just 
from these available images, we account for 28% of the 
sources classified as interacting. Images of the additional 
sources are available online at the BAT 9-month survey 
website. 

Of the sources with a known morphology (including 
those listed as S or S?), we classify 45 sources (54%) as 
interacting. The distinction between peculiars and in- 
teracting sources is somewhat arbitrary, since a merger 
galaxy would be expected to have a peculiar shape. How- 
ever, not all of the classified peculiars are also classified 
as interacting, though a large fraction are (66%). If inter- 
actions cause disruptions to the galaxy, thereby making 
it peculiar, the percentage of interacting galaxies is even 
higher - including all of the peculiars. It is also impor- 
tant to note that not all interacting galaxies are peculiar. 
The distinction for these sources may be due to a com- 
panion that is much smaller than the AGN host or at a 
greater distance. Further investigations of these effects 
will be presented in Koss et at, in prep. 

The important thing to note is that a large fraction of 
local AGN have companion galaxies or are the result of 
a merger (54%). This is significan t considering that 12- 
33% of optically selected Seyferts ([Rafanelli et al.|[l995f) 
and 15% of more distant X -ray selected AGN (0.2 < 
z < 1.2) ([Pierce et al.l l2007h are hosted in an interact- 
ing galaxy. It is possible that our high percentage of 
interacting galaxies indicates an evolutionary difference 
in AGN hosts. Another possibility is that our value is 
higher simply because we can see smaller companions at 
low redshift. Thus, the sources at z > 0.1 may have the 
same number of companions or merger galaxies like Cen 
A and Cyg A but the available images may not be of suf- 
ficient quality to distinguish this. However, differences in 
classifying a source as "in teracting" can also c ause our 
higher value. For instance, Mal kan et alJ (|1998h find less 
than 0.5% of their optically-selected Seyferts as interact- 
ing based on the requirement of a clear double nucleus 
and 5% if they include collisions/mergers. Their study 
misses a number of the clear mergers in our sample (e.g., 
NGC 1275, Cen A, Cyg A), suggesting that optical sam- 
ples select less mergers due to the difficulty in detecting 
optical AGN signatures in heavily absorbed AGN. 

Since such a large percentage of hosts are interact- 
ing, we wanted to test whether the distribution of lu- 
minosities and Eddington ratios were the same or differ- 
ent between AGN with interacting and non-interacting 
hosts. In Figure HH we plot the results. We find no dif- 
ference in the AGN unabsorbed 2-10 keV luminosity or 
the Eddington rate proxy (^a^To/beV / ^Edd) between the 
two distributions. For interacting systems, ji = 42.97 
and a = 0.80 for logi^TTofceV wnue M = —3.38 and 
a = 0.76 for L^[ QkeV / Lem- The non-interacting sys- 
tems have a very similar distribution, with fi — 43.12 and 
a = 0.81 for log L^ okeV and fj, = -3.29 and a = 0.70 
for i^-iofceV I L Edd- Using the Kolmogorov-Smirnovtest, 
the P values (0.65 for luminosity and 0.91 for Eddington 
ratio) are not small and therefore do not suggest a dif- 
ference between the distributions. 

Further, when we examine the morphologies of the in- 
teracting host galaxies, we find that they follow the same 
distribution as the larger sample (Figure [17] (right)). 
When we look at the distribution of optical Seyfert type 



within interacting galaxies, we find no preference for ab- 
sorbed (Sy 2) systems. Broken down by optical type, 14 
correspond to Sy 1 - 1.2, 13 in Sy 1.5 - 1 .9, and 13 in Sy 
2 sour ces. This is similar to the results of Rafaiiclli et al.l 
(1995), who also found no difference in the percentage of 
interacting sources between Sy Is and Sy 2s. However, 
this result is somewhat confusing since we would expect 
optically-selected samples to find less of the interacting 
Sy 2s due to heavy absorption. Since the morphologies 
are a nearly even mix of Sy 1 - Sy 2 sources, it is not 
surprising that the mean 2-10 keV luminosities and Ed- 
dington ratio proxies are intermediate between the Sy 1 
and Sy 2 values quoted in Section 4 (for both interacting 
and non-interacting hosts). 

Based on simple analyses of publicly available data on 
the host galaxies, we have found a few interesting results. 
We have found that the host inclination (approximated 
by b/a) does have an effect on the amount of obscura- 
tion we see in the X-ray band, but that the effect is slight. 
In particular, there are no unabsorbed sources hosted in 
an edge-on galaxy. However, there are heavily obscured 
AGN in face-on galaxies. This shows that for the bulk 
of the obscuring medium, the origin is most likely more 
local to the accreting black hole. This is further sup- 
ported by HST observations of nearby AGN, which find 
Sy2s to be more likely to have dust lanes or irregular or 
disturbed dust abso rption through the galactic nucleus 
(|Malkan et al.lll998l ). 

Also, we found that many of the hosts are in spirals 
and pecular/irregular galaxies. We find v ery few (5/74) 
in ellip ticals, contrasting with the results of lNandra et al.1 
(2007) who find red hosts for the majority of z w 1, X- 
ray selected AGN. This suggests an evolutionary change 
in AGN host properties, from red at z « 1 to blue at 
z ps 0.03. However, high quality p hotometry is n e cessar y 
to make a direct comparison with iNandra et ail (|2007| ). 

More than half of our sample is associated with a close 
companion or recent/ongoing merger. We find that Sy 
1 and Sy 2 sources are equally likely to be hosted in in- 
teracting galaxies. Considering that op tical surveys at 
simil ar redshift found between 12-33% (Rafanelli et al. 
1995), it is tempting to attribute the difference to selec- 
tion effect, i.e. the heavily obscured sources missed in 
the optical. However, we find that the hosts of the inter- 
acting systems are not dominated by absorbed sources. 

We also find that the distribution of host morpholo- 
gies are the same between interacting/non- interacting 
hosts. Further, the distributions of ^2-iokeV an d 
LT~iokeV / ^Edd are also the same. Likely, mergers are 
not the sole trigger for our sample. The next step in un- 
derstanding the differences between the interacting and 
non-interacting systems is an in-depth source by source 
look at the local environments, with particular attention 
to star-formation and dust. This, however, is beyond the 
scope of our paper. 

Currently, our team is compiling and analyzing data 
from SDSS images and our own ground-based observa- 
tions for the 22-month BAT AGN sample. With this 
data, we will obtain morphologies for dimmer optical 
sources and colors for a complete sample. In addition, we 
will revisit the nature of the interacting g alaxies, quant i- 
fying the type of interaction involved as in Dahari (1985). 
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These results will be presented in Koss et al. (in prep). 
7. SUMMARY 

In this paper, we present the X-ray properties of a 
uniform sample of very hard X-ray (14 - 195 keV) se- 
lected AGN. We present a number of interesting results 
that highlight the many uses of a uniform very hard X- 
ray survey. This pa per is complimentar y to the 9-month 
AGN survey paper (|Tueller et alJl2007f ). which presents 
the 14-195 keV properties of the sources. Additionally, 
this paper confirms the results of our earlier study on 
XMM-Newton o bservations of a repr esentative sample of 
the BAT AGN (j Winter et al.ll2008h . Among these, we 
show that: (1) the X-ray and optical classifications agree, 
i.e. Sy Is have low X-ray column densities while Sy 2s are 
more obscured, (2) the average power law index, Tjv 1.8 , 
agrees with the results from HEAO-1 ()Mushotzkvill982f ). 
(3) "hidden" AGN are a significant fraction of local AGN, 
where we can now quantify this value as « 24%, and (4) 
nearly half (45%) of local AGN are well-fit by a simple 
model (all with log Njj < 23) while the remaining sources 
(55%) require a more complex model. In addition, this 
paper presents a number of additional, important results. 

From examining the host galaxy properties, we found 
that the majority of the X-ray obscuration is not sim- 
ply from the host galaxy (by comparing host inclina- 
tion (b/a) to X-ray column density). The most surpris- 
ing results, however, were that many of the host galax- 
ies are peculiar/irregular galaxies (33%). Further, an 
even larger fraction (54%) have either a close companion 
galaxy or are known mergers. This is observational proof 
that galaxy interactions may be driving activity in local 
supermassive black holes. However, we also find that the 
distribution of AGN 2-10 keV luminosities and accretion 
rates, as well as morphologies, are the same between in- 
teracting and non-interacting hosts. While, it is unclear 
what these results mean, however, there appears to be 
more than one trigger besides mergers for local AGN ac- 
tivity. Our team is currently compiling higher quality 
images and photometry to better quantify these results. 

From our uniform sample (102 sources with |6| > 15°), 
we found that the distributions of both unabsorbed 2 

10 keV luminosity and accretion rate are significantly 
lower for Sy 2s than Sy Is. While earlier studies found 
this connection in 2 - lOkcV luminosity (jSteffen et al.l 
l2003t lUeda et a l. 2003), this is the first time it has been 
reported in accretion rate. We also showed that the frac- 
tion of obscured AGN is indeed larger for lower luminosi- 
ties (absorption corrected L2-iofcey) and accretion rates. 
However, we note that the most heavily obscured sources 
(log Njj > 23) do not dominate this relationship. Since 
the unified model predicts differences between absorbed 
and unabsorbed sources are a product of viewing angle 
alone, our results provide a challenge, arguing in favor of 
a luminosity-dependent AGN model. 

Another result in volves the corr e lation between accre- 
tion rate and T. In IWinter et all |2008), we had found 
indication of a connection between Eddington ratio (or 
2 - lOkeV luminosity) and T using the spectral fits of 
multiple observations for individual sources. The fact 
that we did not observe a correlation in our larger sam- 
ple seems to be a result of our sources having a larger 
range of Eddington ratios (or 2 - lOkeV luminosities). 
We suggest that previous studies, for instance by Shem- 



mer et al. 2006, see this correlation because their samples 
have a narrower range of properties (being mid- to high 
luminosity AGNs). The primary correlation appears to 
be with accretion rate and not hard band luminosity. 
Such a correlation should appear when comparing T to 
LT-wkeV I ^Edd for multiple observations of individual 
sources or for a sample of sources with a narrow range of 
accretion rates. 

In a similar manner, we found that while our sample 
did not immediately confirm the X-ray Baldwin effect, 
binning the sources by luminosity, we were able to repro- 
duce the anti-correlation between unabsorbed 2 - lOkeV 
luminosity and Fe K EW. The primary anti-correlation, 
however, again appears to be with Eddington rate. When 
we binned the values by our Eddington ratio proxy, 
we found that E W oc L^^y / L E dd ' 26±0 ' 03 (agreeing 
with the results of iBianchi et ; all (|2007f) l Since both T 
and Fe K EW are dependent on accretion rate, this sug- 
gests t hat the FEW correlation found bv lMattson et all 
(2007) is a result of the accretion rate dependences. 

Having classified the X-ray spectra of our sample into 
simple and complex categories, we were able to exam- 
ine the properties of the two sub-samples in more de- 
tail. For the simple model sources, we found that 41% 
of the sources exhibited a soft excess. Having mod- 
eled this parameter with a simple blackbody model, we 
found the average temperature to be kT = 0.10 keV. We 
also found that there was a significant amount of scat- 
ter in this value (a = .07 keV), contrasting with the 
iGierlihski fe Pond ([200l results for PG quasars. We 
found no correlation between the blackbody temperature 
and Eddington ratio, black hole mass, or photon index. 
However, we did find a correlation between the luminos- 
ity of the blackbody component and the luminosity in 
the power law. This relationship is linear (L pow oc L^t) 
and may provide a challenge to the current soft excess 
models. 

Examining the complex model sources, we found that 
the majority of these sources included absorbed AGN. Of 
the 4 Sy Is in this category, all have complex absorption 
features in their X-ray spectra. For these sources, we 
showed that the nature of the soft emission (£o.5-2/cev) 
for these sources is unclear. Over half have soft band 
luminosities low enough to be the result of galactic emis- 
sion from star formation/X-ray binaries. However, of 
the sources with higher soft luminosities, 3 are "hid- 
den" /buried AGN. This argues that the soft emission 
may be scattered AGN emission (< 0.03). 

An important result we found is that the "hid- 
den" /buried AGN, sources with a high covering fraction, 
are a significant fraction of local AGN. Among the com- 
plex sources, 45% are "hidden". For these sources, we 
found that the FIR luminosity is not consist ent with an 
increa sed star formation rate, as suggested by lUeda et al.l 
(|2007f ). However, without higher quality X-ray spectra 
and multi-wavelength observations, we are unable to fur- 
ther explore the nature of these sources. 

While BAT is quite good at finding heavily obscured 
sources, we found that none of the 9 month sources in 
our uniform sample have spectra consistent with heavily 
obscured Compton-thick objects (Njj > 1.4x 10 24 cm -2 ). 
However, we do detect sources classified as Compton- 
thick in other studies based on a reflection dominated 
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spectrum or strong Fe K EW (for instance 3C 452 and 
NGC 4945). Additionally, we did not include an analysis 
of the very complex source NGC 6240, which may also be 
classified as Compton thick. Since the Compton hump 
lies above 10 keV, spectral fits with and without reflection 
can be degenerate in the 0.1-10keV band. Therefore, a 
full analysis of the Compton thick nature of the BAT 
sources must be deferred to future studies. 

One remarkable result we found came from the aver- 
age spectrum we constructed in the 0.1-10 keV band with 
the measured spectral properties of our uniform sample. 
Here, our data reproduce the measured slope of the CXB 
(pa 1.4). This highlights the importance of the BAT sur- 
vey in selecting heavily absorbed sources. More impor- 
tantly, this is observational proof that the combination 
of BAT-detected absorbed and unabsorbed local AGN 
replicate the shape of the CXB. If the distribution of 
source properties at z « 1, where much of the CXB orig- 
inates, is the same as that of the BAT-detected AGN, 
the spectral paradox is resolved. 

To test our completeness in the 2-10 keV band, we 
plotted the distribution of log iV-log S for the entire uni- 
form sample. This showed that while the sam ple is com- 
plete in the 14-195 keV band (jTueller et al.l l2007t ). we 
are only complete above log S — —11 in the 2-10keV 
band. Further, this distribution suggests that we are 
missing as many as 3000 sources at logS 1 = —12, re- 
quiring that these sources have 14-195 keV fluxes be- 
low the current flux limit of the BAT survey. Possibly 
these sources are "hidden" AGN with even higher X-ray 
columns (log Nh > 24). Such sources must have a high 
ratio of F 2 -iokeV / Fi4~i95keV , like NGC 1068. Also, they 
may or may not contain Compton-thick sources, an an- 
swer to which our data can not supply. These results, in 
addition to the X-ray properties (including column den- 
sities and spectral indices) will provide important input 
for CXB models at low redshift (z ss 0). 

Overall, our analysis of the X-ray properties (and some 
host galaxy properties) show the interesting nature of 
very hard X-ray selected AGN. In order to understand 
the properties further, we are continuing to collect and 
analyze the properties in the optical through spectra 
(Winter et al. in prep) and imaging (Koss et al. in 
prep), the IR through Spitzer observations (Weaver et 
al. in prep), and radio (Sambruna et al. in prep). Addi- 
tionally, BAT is continuing to discover more sources at 
fainter fluxes, with sensitivity increasing as y/i. With the 
additional sources in future BAT catalogs, we will obtain 
an even better understanding of local AGN. 

APPENDIX 

Here, we present notes on individual sources. These 
notes include complexities associated with the sources. 
Particularly, in notes to Table 1, we include details on 
why sources needed to be excluded or why XRT obser- 
vations were used instead of data available from other 
missions. Also, we include details on extra compo- 
nents added in order to model the X-ray spectra, corre- 
sponding to the XRT analysis (Notes to Table 2) or the 
ASCA/XMM-Newfon/Chandra/Suzaku analyses (Notes 
to Table 3). Throughout, the sources are ordered in RA. 

NOTES TO TABLE 1 



NGC 1275: This source is located within the Perseus 
cluster. As such, emission from the cluster is difficult to 
separate from the AGN emission. Therefore, we do not 
include an analysis of this source. 

PKS 0326-288: The XRT observation of this source 
is too short to extract an X-ray spectrum. 

NGC 1365: This source is a "changing-look" 
AGN, observed in both Compton-thin and Compton- 
thick states. The source has been observed extensively by 
XMM-N ewton a n d Cha ndra with relevant paper s - for 
instance iRisalitil (|2007l) and iRisaliti et all (|2005D . For 
simplicity, we averaged the XRT observations, taken 
within a day of each other. However, the spectral pa- 
rameters of this source, particularly column density, are 
quite variable. 

4U 0517+17: The XMM-Newton observation of this 
source is not yet publicly available. 

Mrk 6: This source is known to have a complex ab- 
sorber, with ASCA and XMM-Newton s pectra well mod- 
eled by a double partial c overing model (fFeldmeie r et alJ 
Il999tllmmler et ail 2003). Due to its complex nature, we 
only include our XRT analysis with a simple model, for 
easy comparison with the other sources. 

IGR J12026-5349: The Chandra observation of this 
source is not yet publicly available. 

NGC 4102: The Chandra observation is too short to 
compare with the spectra of other sources in this survey. 

Cen A: Cen A recently underwent a galaxy merger. 
The X-ra y spectrum is extr emely complicated, as pre- 
sented in (Eva ns et al.l l2004). Due to the complex form, 
we do not include an analysis of this source. 

NGC 6240: This pecu liar source hosts two a ctive nu- 
clei, as found by Chandra (|Komossa et al.ll2003l ). There- 
fore, we do not include an analysis of this source. 

GRS 1734-292: This source is a Sy 1 seen through 
the Galactic plane in a heavily obscured region. There- 
fore, the exact hydrogen column is not known. An anal- 
ysis of the spectrum of this source is not included. 

NOTES TO TABLE 2 

NGC 1365: The spectral fit to this source also 
includes the addition of an apec model with kT of 
0.74±g;5S k eV and an Fe K line at 6.54±g;gf keV with EW 
> 780 eV. The fitted column density has large errors. 

2MASX J04440903+2813003: The residuals to 
this fit show clear evidence of an Fe K-a line (A% 2 = 
20.9). Adding a gaussian for this component, with a 
fixed at 0.01 keV, we find E = 6.4llg;g|keV and EW= 
140t™. 6 eV. 

1RXS J045205. 0+493248: The model includes a 
significant (A% 2 = 23) soft excess modeled with a black- 
body (kT= 0.10±^;°|). The residuals indicate the pres- 
ence of possible additional lines (including Fe K-a) in the 
spectrum, but a higher quality spectrum is necessary to 
fully resolve these features. 

Mrk 6: The residuals to this fit show clear evi- 
dence of an Fe K-a line (A% 2 = 10.7). Adding a gaus- 
sian for this component, we find E = 6.411q'qq keV, 

cr = 0.09±g'Jg keV, and EW= 498l|^eV. 

SP SS J074625. 87+254902. 2: ISambruna et all 
(2006) provide an analysis of the BAT + XRT spectra, 
however, we re-analyze an observation for comparison of 
the parameters from a fit without the BAT spectrum. 
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IRAS 09149-6206: An unabsorbed blackbody com- 
ponent was required (Ax 2 = 100) at soft energies, prob- 
ably a foreground Galactic object given the AGN's posi- 
tion in the Galactic plane, with kT = 0.13 ± 0.02 keV. 

LEDA 093974: The residuals to this fit show evi- 
dence of an Fe K-a line (A% 2 = 5.4). Adding a gaussian 
for this component, with a fixed at 0.01 keV, we find E 
= 6.46±g"?| keV and EW= 297^8? eV. 

1RXS' J112716.6+190914: A blackbody compo- 
nent was also added (Ax 2 « 20) with kT= 52^ eV. 
There are some residuals in the fit but a higher quality 
spectrum is necessary to investigate these features. 

1RXS J174538. 1+290823: We model a significant 
soft excess (Ax 2 = 20) is added with kT= 36.lf fg eV. 

NGC 7319: We also include an Fe K line in this fit 
with E fixed at 6.4 keV with a = 0.01 keV. The resultant 
EW = 319jJ^ eV. 

NOTES TO TABLE 3 

RBS 476: We found that the ASCA observation of 
RBS 476 had the wrong position in the ASCA catalog 
and that a large part of the emission was outside the 
observation's field of view. Using archived XMM-Newton 
data, we found that a broken power law is the best fit to 
the data, with the indicated fluxes recorded in the tabic. 

EXO 055620-3820.2: We note that the authors (see 
Table 1 for the reference) suggest that an ionized partial 
covering absorber is a better physical explanation than 
neutral absorption. 

ESO 005-G004: In addition to the partial covering 
model, a thermal model is also required (apec) at soft 
energies with kT = 0.57±£^ keV. 

Mrk 110: The spectrum is noted to be more complex 
in the XMM-Newton spectra analyzed by iBoller et al.l 
(|2007f ). However, for our purposes a simple power law is 
a good fit. 

NGC 3516: NGC 3516 has a very complex spectrum. 
A very significant (Ax 2 ~ 600) blackbody component 
was also added with kT= 52.2±^eV and a normaliza- 
tion of 0.086. This source is extensively studied, partic- 
ularly because of the complex absorption present. 

NGC 3728: NGC 3783 has a complex spectrum, 
which has been observed with a 900 ks Chandra obser- 
vation. A very significant (Ax 2 = 214) blackbody com- 
ponent was also added with kT= 63.4+Q7 eV and a nor- 
malization of 0.008. 

NGC 4138: Alternatively, this source can be fit with 
a partial covering model with a high amount of scattering 
(> 99%). Further, the blackbody component can alter- 
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natively be fit with an apec model of similar temperature 
with no difference in y 2 . 

MCG -03-34-064: The spectrum also has a signif- 
icant (Ax 2 = 34) soft component, which we fit with 
an apec model with kT= 0.82^° pijjkeV. A more com- 
plete a nalysis of this source is presented in lMiniutti et al.l 
(|2007t ). where they model the spectra as reflection- 
dominated with thermal plasmas, a broad Fe K line, and 
additional Fe emission lines. 

IC 4329A: This source has complex absorption, stud- 
ied mos t recently in the X MM-Newton spectrum ana- 
lyzed in ISteenbrugge etldl (2005). They find signatures 
from 7 different absorbing systems. 

NGC 5506: A full description of the X-ray history 
and p roperties of NGC 5506 is found in iBianchi et al.l 
(2003) where BeppoSax observations are also presented 
(a strong reflection component is evident). 

NGC 5728: Also included is a thermal model (mekal) 
with kT = 0.15 ± 0.01 keV. A reflection model is also 
used, which is a worse fit to the data. We performed an 
independent analysis of the spectrum confirming these 
results. 

Mrk 841: This source has complex iron features. The 
authors (see Table 1 for reference) get an acceptable fit 
when a relativistic disk line is included along with the 
narrow gaussian fit to Fe-Ka. The blackbody component 
is also an unacceptable approximation for the soft excess. 

NGC 6300: In the analysis, the authors (see Table 
1 for reference) model the soft and hard spectrum sepa- 
rately. The additional parameter is the ratio of the hard 
to soft power law flux. 

Cyg A: For Cyg A, the authors include a Raymond- 
Smith model to describe the soft emission in the spec- 
trum with kT = 0.88±g; < i'I keV, Y = 0.53^;^. 

3C 452: 3C 452 has an extremely flat spectrum which 
is much better fit w ith the addition of a reflection model 
(I Evans et a l. 2006). The values quoted are from our own 
analysis of the data with a simplistic model. 
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TABLE 1 X-ray Observation Details 



No. 


Source 


RA (hms) 


Dec (° ' ") 


Type 1 


Host Galaxy 1 


Obs. 2 


1 


Mn/^ n o P" A 

NGC 235A 


00 42 52.8 


-23 32 27.6 


Sy2 


SO pec, Int 


XRT 


2 


TV If 1 OrlO 

Mrk 348 


nn Ad A PT 1 

00 48 47.1 


O "1 *" *T OP" O 

31 57 25.2 


Sy2 


OA/ \A / T i 

SA(s)0/a, Int 


ASCA 


3 


Mrk 352 


00 59 53.3 


31 49 36.8 


Syl 


SAO 


~\r TV T TV T 

XMM 


4 


NGC 454 


i~l -1 -l A O O T 

01 14 22.7 


p" p" o o p" p" n 

-55 23 55.0 


Sy2 


Pec, Int 


XRT 


5 


Fairall 9 


r\ -i o O Hp" O 

01 23 45.8 


p" a AO on p" 

-58 48 20.5 


Syl 


S, Int? 


ASCA 


6 


Mn/^ r" c\t~* A 

NGC 526A 


01 23 54.4 


-35 03 55.4 


Syl. 5 


SOpec?, Int 


ASCA 


7 


NGC 612 


01 33 57.7 


-36 29 35.9 


Gal 


SA0+ pec, Int 


"\7" TV !f TV If 

XMM 


8 


ESO 297-018 


01 38 37.2 


a n nn At n 

-40 00 41.0 


Sy2 


Sa sp, Int 


Suzaku 


9 


NGC 788 


n O O "1 or* P" 

02 01 06.5 


r\ /-> a C) P" P" O 

-06 48 55.8 


Sy2 


SA(s)0/a 


ASCA 


10 


Mrk 1018 


02 06 16.0 


00 17 29.0 


Syl. 5 


SO, Int 


XRT 


11 


LEDA 138501 


02 09 34.3 


52 26 33.0 


Syl 


*? 


XRT 


12 


Mrk 590 


02 14 33.6 


00 46 00.1 


Syl. 2 


SA(s)a 


~\r TV T TV T 

XMM 


13 


(in if a o "V inoi cono^ i r* i ri c o i 

zMAoa JUzlozyo7+51zoz4o 


no i c on o 

02 16 29.8 


PT 1 O/" O A *7 

51 zo 24.7 






AJVllVl 


14 


rTTr>onl nn-i o i '-top" 

[HB89J 0212+735 


no ~i t on o 

02 17 30.8 


*~~7 o A C\ O O P" 

73 49 32.5 


BL Lac 


• 


XRT 


15 


NGC 931 


02 28 14.5 


31 18 42.1 


Syl. 5 


Sbc, Int 


ASCA 


16 


NGC 985 


02 34 37.8 


-08 47 15.4 


Syl 


SBbc? p (Ring) 


Chandra 


17 


ESO 416-G002 


no op" ~i o a 

02 35 13.4 


on • > / • i / 1 n 

-29 36 16.9 


Syl. 9 


Sa 


"VTV TTV If 

XMM 


18 


ESO 198-024 


no o o "i n t 

02 38 19.7 


P" O 1 "1 o o o 

-52 11 32.3 


Syl 


N, Int 


-\r T\ TTV T 

XMM 


19 


QSO B0241+622 


no A A P" 

02 44 57.7 


62 28 06.6 


Syl 


• 


XRT 


20 


NGC 1142 


02 55 12.2 


00 11 01.0 


Sy2 


S pec (Ring B), Int 


XMM 


21 


2MASX J03181899+6829322 


03 18 19.0 


68 29 31.6 


Syl. 9 


V 


~KT TV If TV If 

XMM 


22 


NGC 1275 


03 19 48.2 


41 30 42.1 


Sy2 


cD;pec 




23 


T"v t/o n o o f* o o o 

PKS 0326-288 


no o o or* p" 

03 28 36.5 


O Ci A ~i A CI P" 

-28 41 48.5 


Syl. 9 




none 


24 


NGC 1365 


03 33 36.4 


-36 08 25.4 


Syl. 8 


(R )SBb(s)b, Int 


XRT 


25 


ESO 548-G081 


03 42 03.7 


-21 14 39.8 


Syl 


SB(rs)a pec?, Int? 


XMM 


26 


RBS 476 


03 49 23.2 


-11 59 26.9 


BL Lac 


~ 


ASCA 


27 


PGO 13946 


no p"n oo o 

03 50 23.8 


p" n 1 ci op" / ■ 

-50 18 35.6 


• 


?, Int 


XRT 


28 


2MASX J03565655-4041453 


03 56 56.5 


-40 41 45.6 


Syl. 9 


? 


XRT 


29 


3C 105 


n A C\*~7 1 / ■ p" 

04 07 16.5 


no a o op" n 

03 42 25.6 


Sy2 


• 


XRT 


30 


3C 111 


04 18 21.3 


38 01 35.8 


Syl 


N 


ASCA 


31 


1H 0419-577 


04 26 00.8 


-57 12 00.4 


Syl 


? 


ASCA 


32 


3C 120 


04 33 11.1 


05 21 15.5 


Syl 


SO, Int? 


ASCA 


33 


o TV if A ct "\/" T r\ a a ^ nnno i rim nnno 

2MASX J04440903+2813003 


c\ a a a nn n 

04 44 09.0 


no i o nn p" 

28 13 00.5 


Sy2 


S 


XRT 


31 


MCG -01-13-025 


04 51 41.5 


-03 48 33.8 


Syl. 2 


SAB(s)0+ pec 


~\r TV If TV If 

XMM 


35 


1RXS J045205. 0+493248 


04 52 05.0 


49 32 45.2 


Syl 


V 


XRT 


36 


XSS J05054-2348 


05 05 45.7 


-23 51 14.0 


Sy2 


? 


XRT 


37 


4U 0517+17 


05 10 45.5 


16 29 55.7 


Syl. 5 


'? 


"\7" TV If TV If 

XMM 


38 


Ark 120 


05 16 11.4 


00 08 59.3 


Syl 


Sb/pec, Int 


ASCA 


39 


ESO 362-G018 


05 19 35.8 


-32 39 28.1 


Syl. 5 


SO/ a, Int 


~\r TV If TV If 

XMM 


40 


Pictor A 


n p" in a r\ t 

05 19 49.7 


A P" A r* A A A 

-45 46 44.4 


Syl 


ff~t )\ c A n 

(R )SA0:pcc 


ASCA 


41 


ESO 362-G021 


n p" o o p" o n 

05 22 58.0 


. > / > 0^7 o "i n 

-36 27 31.0 


BL Lac 


N 


ASCA 


42 


PKS 0537-441 


05 38 50.4 


-44 05 08.9 


BL Lac 


? 


XRT 


43 


[HB89] 0537-286 


05 39 54.3 


-28 39 55.8 


Blazar 


? 


ASCA 


44 


t~\ T/n r\r a o o no 

PKS 0548-322 


n p" p" n a n o 

05 50 40.8 


-32 16 17.8 


BL Lac 


?, Int 


ASCA 


45 


NGC 2110 


05 52 11.4 


-07 27 22.3 


Sy2 


SAB0- 


ASCA 


46 


MCG +08-11-011 


05 54 53.6 


46 26 21.5 


Syl. 5 


SB0 


ASCA 


47 


EXO 055620-3820.2 


05 58 02.0 


-38 20 04.6 


Syl 


?, Int 


ASCA 


i& 

lo 


TT? AC! fl^^SQ i oqoc 
irvrio uoooy-rZozo 


c\a f|9 10 7 
UD UZ 1U. ( 


OQ OO OO 1 
Zo Zo ZZ.l 


o v 1 


? 


A 1 v 1 


19 


ESO 005-G004 


06 05 41.6 


-86 37 54.8 


Sy2 


Sb 


Suzaku 


50 


Mrk 3 


06 15 36.4 


71 02 15.0 


Sy2 


SO 


ASCA 


51 


ESO 121-G028 


06 23 45.6 


-60 58 44.4 


Sy2 


SB(l)0/a?, Int 


XRT 


52 


ESO 490-G026 


06 40 11.7 


-25 53 43.4 


Syl.2 


Pec, Int 


XMM 


53 


2MASX J06403799-4321211 


06 40 38.0 


-43 21 20.9 


? 


?, Int 


XRT 


51 


2MASX J06411806+3249313 


06 41 18.0 


32 49 31.4 


Sy2 


?, Int 


XMM 


55 


Mrk 6 


06 52 12.2 


74 25 37.6 


Syl.5 


SAB0+ 


XRT 



Obs ID/ref 



Ct Rate 



Exp Time 



00035648001, 02 
Awaki et al. (20001 
Winter et al. (2008) 
00035244001, 02, 03 
Reynolds (19971 
Turner et al~779971 
Winter et al. (20081 



77040000 
00035166001 
00035246002 
Longinotti et al. (20071 
Winter et al. (200?) 
00035241002 
Reynolds et al. (1995) 
Krongold et al. (2005) 
Gallo et al"T2006T ~ 
Porquet et al. (2004a1 
00036305001 
Winter et al. (20081 
Winter et al. (20081 



00035458001, 02 
Winter et al. (20081 
Reeves fc Turner (20001 
00035251003 
00035600001, 02 
00035625001, 02, 03, 04 
Reynolds et al. (1998) 
Turner et al"7l9991 
Grandi et al. (1*997) 
00035175005, 06, 07 
Gallo et al. (2006) 
00035281002 
00035206004 
not public 
72000000 
Winter et al. 



Eracleous STHalpern (1998) 
73055010 
00050150011 
Siebert et al. (1996) 
Sambruna & Mushotzk^ 
Turner et al. (1997) 
Grandi et al. (1998) 
Turner et al. (19961 
00035255001 



Turner ct al. 
00036296007 
Winter ct al. 
00035601001, 
Winter et al. 
00035461003 



(2008) 
02 

(2008) 



0.02196 

0.027 

7.3 

0.017 

1.001 

0.641 

0.12 

0.03 

0.6109 

0.365 

1.62 
0.08307 
0.133 
0.18 



0.4485 

0.28 

1.47 



0.027 
11.95 

0.02 
0.0628 
0.007 
0.702 

1.861 
0.114 

0.95 
0.12 

1.248 

0.95 

0.56 

0.40 

0.317 

0.04 

1.70 

0.319 

0.554 

0.35 

0.044 

0.02 

5.68 

0.01 

0.25 

0.114 



21402 

28000 

9773 

20290 

22000 

43000 

9744 

1921 

4256 

6435.5 

71000 

8921 

6485.4 

18900 

77000 

4269 

22900 

10618 

8921 

6578 



19434 

8924 

109000 



12579 

22398 

32800 

24000 

50000 

76404 

2363 

2200 

3244 

47850 

8921 

61877 

5133 

22570 

29000 

31533 

36300 

10000 

45000 

6446 

27300 

8716 

9192 

18897 

10696 

5367 
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TABLE 1 - Continued 



— — — 

No. 




Source 


HA (n m s) 


Dec { ) 


; — 

Type 1 


T T . f ' ..A .1 

Host Galaxy 


7T, — 5 

Obs. 


Obs ID/ref 


-— r 

Ct Rate 


rjjxp 1 lme 


56 


Mrk 79 


07 42 32.8 


49 48 34.9 


Syl.2 


SBb 


XMM 


Gallo et al. (20051 


12.57 


1680 


57 


SDSS J074625. 87+254902.2 


07 46 25.9 


25 49 02.3 


Blazar 


? 


XRT 


00035422002 




0.143 


13365 


58 


ICR J07597-3842 


07 59 41.0 


-38 45 36.0 


Syl.2 


? 


XRT 


00035223004 




0.6055 


7534 


59 


4C +71.07 


08 41 24.4 


70 53 42.4 


Blazar 


? 


ASCA 


Cappi et al. (1997) 


0.30 


10540 


60 


Mrk 18 


09 01 58.4 


60 09 06.1 


Sy2 


S?, Int 


XMM 


Winter et al. i 


'2008) 


0.50 


9910 


61 


2MASX J0904699+5536025 


09 04 36.9 


55 36 02.5 


Syl 


?, Int 


XMM 


Winter et al. i 


:2008) 


1.52 


7142 


62 


2MASX J09112999+4528060 


09 11 30.0 


45 28 05.9 


Sy2 


? 


XMM 


Winter et al. (2008) 


0.05 (mos) 


11530 


63 


IRAS 09149-6206 


09 16 08.9 


-62 19 29.6 


Syl 


? 


XRT 


00035233001 




0.21 


7399 


64 


2MASX J09180027+0425066 


09 18 00.3 


04 25 06.2 


QS02 


?, Int? 


Suzaku 


702076010 




0.029 (XISO+3) 


4989 


65 


MCG -01-24-012 


09 20 46.2 


-08 03 22.0 


Sy2 


SAB(rs)c, Int 


XRT 


00035262001 




0.08 


8522 


66 


MCG +04-22-042 


09 23 43.0 


22 54 32.4 


Syl.2 


E? 


XMM 


Winter et al. i 


'20081 


13.99 


9012 


6V 


Mrk 110 


09 25 12.9 


52 17 10.7 


Syl 


S?, Int 


ASCA 


73091000 


1.15 


20747 


68 


NGC 2992 


09 45 42.0 


-14 19 35.0 


Sy2 


Sa pec, Int 


ASCA 


Turner ct al. ( 


1997) 


0.039 


27300 


69 


MCG -05-23-016 


09 47 40.2 


-30 56 56.0 


Sy2 


(RL)SA(l) 


ASCA 


Turner et al. ( 


T997) 


1.583 


34000 


70 


NGC 3081 


09 59 29.5 


-22 49 34.7 


Sy2 


SAB(r)0/a 


ASCA 


74043000 




0.03 


34738 


71 


NGC 3227 


10 23 30.6 


19 51 54.0 


Syl. 5 


SAB(s) pec, Int 


ASCA 


73068000 




0.42 


34312 


72 


NGC 3281 


10 31 52.1 


-34 51 13.3 


Sy2 


SAB(rs+)a 


ASCA 


74058000 




0.015 


16959 


73 


2MASX J10384520-4946531 


10 38 44.5 


-49 46 57.4 


Syl 


? 


XRT 


00035225003 




0.087 


16907 


74 


LEDA 093974 


10 40 22.5 


-46 25 25.7 


Sy2 


SO 


XRT 


00035345003 




0.058 


14377 


75 


Mrk 417 


10 49 30.9 


22 57 51.8 


Sy2 


Sa 


XMM 


Winter et al. i 


'2008) 


0.145 


7437 


76 


Mrk 421 


11 04 27.3 


38 12 31.7 


BL Lac 


? 


ASCA 


70008000 


2.20 


32769 


77 


NGC 3516 


11 06 47.5 


72 34 07.0 


Syl. 5 


(R)SB(s) 


ASCA 


71007000 




2.38 


29842 


78 


1RXS J112716. 6+190914 


11 27 16.3 


19 09 20.2 


Syl. 8 


? 


XRT 


00037088002 




0.11 


10062 


79 


NGC 3783 


11 39 01.7 


-37 44 19.0 


Syl 


(R')SB(r)a 


ASCA 


74054010 




1.71 


18716 


80 


SBS 1136+594 


11 39 09.0 


59 11 54.6 


Syl. 5 


? 


XRT 


00035265001 




0.34 


8991 


81 


UGC 06728 


11 45 16.0 


79 40 53.4 


Syl.2 


SBO/a, Int? 


XMM 


Winter ct al. i 


'20081 


4.25 


7220 


82 


2MASX J11454045-1827149 


11 45 40.5 


-18 27 15.5 


Syl 


Irr, Int 


XRT 


00035645001 


0.72 


9402 


83 


CGCG 041-020 


12 00 57.9 


06 48 23.0 


Sy2 


S? 


XMM 


Winter et al. i 


'2008) 


0.465 


9777 


84 


IGR J12026-5349 


12 02 47.6 


-53 50 07.8 


Sy2 


SB0 pec, Int 


chandra not public 








85 


NGC 4051 


12 03 09.6 


44 31 52.7 


Syl. 5 


SAB(rs)bc 


ASCA 


70001000 




0.917 


25970 


86 


Ark 347 


12 04 29.7 


20 18 58.3 


Sy2 


SO: pec 


XRT 


00035599001, 02 


0.013 


21706 


87 


NGC 4102 


12 06 23.1 


52 42 39.2 


LINER 


SAB(s)b? 


Chandra 


too short? 








88 


NGC 4138 


12 09 29.8 


43 41 07.1 


Syl. 9 


SA(r)0+ 


XMM 


Cappi et al. (2006) 




8856 


89 


NGC 4151 


12 10 32.6 


39 24 20.5 


Syl. 5 


(R')SAB(rs)ab 


ASCA 


78001003 




1.255 


46006 


90 


Mrk 766 


12 18 26.5 


29 48 46.4 


Syl. 5 


(R')SB(s)a 


ASCA 


71046000 




0.819 


32970 


91 


NGC 4388 


12 25 46.8 


12 39 43.6 


Sy2 


SA(s)b 


ASCA 


73073000 




0.053 


26040 


92 


NGC 4395 


12 25 48.9 


33 32 48.5 


Syl. 9 


SA(s)m, Int 


ASCA 


78009000 




0.079 


36084 


93 


3C 273 


12 29 06.7 


02 03 08.6 


Blazar 


? 


ASCA 


70023000 




3.849 


31964 


94 


NGC 4507 


12 35 36.6 


-39 54 33.5 


Sy2 


SAB(s)ab 


ASCA 


Turner ct al. ( 


1997) 


0.1421 


24800 


95 


ESO 506-G027 


12 38 54.6 


-27 18 28.1 


Sy2 


S pec sp 


XMM 


Winter et al. i 


:200s) 


0.27 


8919 


96 


XSS J12389-1614 


12 39 06.3 


-16 10 47.6 


Sy2 


? 


XRT 


00035208002 




0.103 


6622 


97 


NGC 4593 


12 39 39.4 


-05 20 39.1 


Syl 


(R)SB(rs)b 


ASCA 


71024000 




1.478 


21185 


98 


WKK 1263 


12 41 25.7 


-57 50 03.5 


Sy2? 


? 


XMM 


Winter ct al. i 


'2008) 


2.72 


8902 


99 


3C 279 


12 56 11.2 


-05 47 21.5 


Blazar 


? 


ASCA 


70026000 


0.299 


37195 


100 


SBS 1301+540 


13 03 59.5 


53 47 30.1 


Syl 


? 


XMM 


Winter ct al. ! 


'2008) 


10.30 


8408 


101 


NGC 4945 


13 05 27.5 


-49 28 05.5 


Sy2 


SB(s)cd 


ASCA 


Turner et al. ( 


1997) 


0.045 


6100 


102 


NGC 4992 


13 09 13.0 


11 38 45.2 


Gal 


Sa 


XMM 


Winter et al. i 


;2008) 


0.137 


12849 


103 


MCG -03-34-064 


13 22 24.5 


-16 43 43.0 


Syl. 8 


SB?, Int 


ASCA 


73029000 


0.044 


36174 


104 


Cen A 


13 25 27.6 


-43 01 09.1 


Sy2 


SO pec, Int 












105 


MCG -06-30-015 


13 35 53.8 


-34 17 44.2 


Syl.2 


E-S0 


ASCA 


70016010 




1.18 


30026 


106 


NGC 5252 


13 38 16.0 


04 32 33.4 


Syl. 9 


SO 


ASCA 


Turner ct al. ( 


1997) 


0.063 


27300 


107 


4U 1344-60 


13 47 24.0 


-60 38 24.0 


Syl. 5 


S 


XRT 


00035284002 




0.388 


14065 


108 


IC 4329A 


13 49 19.3 


-30 18 34.6 


Syl.2 


SA0+, Int 


ASCA 


70005000 




2.025 


27212 


109 


Mrk 279 


13 53 03.5 


69 18 29.5 


Syl. 5 


SO, Int 


ASCA 


72028000 




1.342 


21357 


110 


NGC 5506 


14 13 14.9 


-03 12 27.0 


Syl. 9 


Sa pec, Int? 


ASCA 


75033000 




0.9316 


39272 


111 


RBS 1366 


14 17 56.7 


25 43 26.4 


BL Lac 


? 


XRT 


00035270001 




0.623 


7930 
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TABLE 1 - Continued 



No. 


Source 


RA (hms) 


Dec (° ' ") 


Type 1 


Host Galaxy 1 


Obs. 2 


Obs ID/ref 


Ct Rate 


Exp Time 


112 


NOP ^48 


1 4 1 7 5Q 5 


95 (18 1 9 5 


St/1 5 




ASCA 


7609Q000 


2.633 


21200 


113 


p,^n m 1 P030 

EjOW O J. J. - VjUOU 


14 1 Q 29 4 

n 1 u — — — — . — 


96 ^8 40 Q 
-zu oo "iu.y 


Syl 


kjiT-l lo IL J_/l_.l-->. J.I1L 


ASCA 


76067000 
/ uuu / uuu 


0.467 


16358 


114 


RRQ 1 QQQ 

r\ o o j_oyy 


1 4 98 39 7 


49 40 90 6 


RT T ar 

J_J J_J J_JCH_- 


? 


ASCA 


7605^000 


1.44 


3fi000 
ouuuu 


115 


NGC 5728 


14 42 23.9 


-17 15 11.5 


Sv2 
oy z 


CR .SARCr .a 


Chandra 


Zhang et al. (2006) 

Pptrnrci pt al^79007 1 l 




18700 


116 


MrV 841 


1 ^ 04 01 9 

1U Urt UJ-.Z 


in 9fi ifi 1 

J-U ZU -LU. J- 


Svl 
oyi 


E 


YVlVl 1V1 


17.9 


5861 


117 


A/Trlr 9Q0 


10 OO 


o7 ^4 OQ 4 
o( oi uy.'± 


oy i 


PI? Tti+? 


ASCA 


79097000 


308 

u.ouo 


41018 


1 1 8 

no 


A/Trlr 1 4Q8 


1 fi (14 1 

1U ZO U4:.J- 


c:i /ifi 31 4 

OJ- "4:0 Ol.'l 


^wl Q 
oyi.y 


o . 


XRT 


000*35971 009 


Ofil 3 


1 QQ48 


119 


9A/fA t iY 11^481^93 303^037 

Z1V1.T\_0-/V O lUrtO lOiO JUJJuO I 


1 fl 48 1 9 

J. "J rfcO 1U.Z 


30 3^1 04 9 

OU OO U'-t.Z 


Rvl 
oyi 


? 


XRT 


000'35' : i48009 


0.244 


9203 


120 


NGC fi24f) 


1 6 52 58 9 

J. "J Uii ' J O . Z> 


02 24 02 Q 


Sv 


TO - npr Tnt 

J-U. -L11L 










121 


Mrk 501 

1V± 1 xv L7 i 


1 6 53 52 2 


39 45 36 7 


RT, T,ar 


E? 


ASCA 


76052000 

1 UUUiiUUU 


5.55 


5904 


122 


wnp ^300 


1 7 1 ft n 


(S9 4Q 1 4 9 

UZ L ±,y J-'r.-.Z 


Sv2 
oyz 




XMM 

yvivi ivi 


A/Tf)t<inmrvl-ri al ^9004^ 






123 


PR'} 1 734 9Q9 


1 7 37 94 3 

J. f O / Z4:. O 


9Q 1 48 
-zy j-U lo.u 


Svl 
oyi 


? 










124 


IJTwvO J J- 1 lOOO. iTzyuozo 


1 7 4o ^ 
J. f '.to 00.0 


9Q 08 99 9 
' uo zz.z 


oyi 


? 


XRT 


0003^973001 
uyjuoo.^ t ouuj- 


0.237 


9344 


125 


3P 382 


1 s 35 02 9 

-LO UU V J — ■ — . 


32 41 50 3 

tjii '-tl. UU. J 


Svl 
oy i 


? 


ASCA 


Samhrnna pt nQQQ 1 ) 

O clll 1 LI 1 1 cX L cXl. \ _Lc'v7c7 / 


1.793 


40500 


126 


ESO 103-035 


18 38 20 3 


-65 25 39 4 


Sv2 


SAO Tnt 


ASCA 


Fnr^tpr^t^^^TQQQ^ 


17.31 


15700 


127 


3P 3qo 3 


1 8 49 0Q 


7Q 4fi 1 7 
i y 'iu J. / . u 


Svl 

oyi 


? 


ASCA 


'-Ifirnhnina ot al H QQQ 1 ! 
Odiiiui uiicL t_. l eti. \ iyyy j 


0.528 


19200 


128 


NV 4 ^ 1 Q301 3-4-341 047 

IN V OO lyOUlOTO'ilU'l 1 


1 Q 30 1 3 3 
iy ou j-O.o 


34 1 Af\ Q 
o'-t J-U '.tu.y 


Syl 


? 


XRT 


0003^974001 09 


0.013 


10247 


129 


NOP 6814 

IN VjV_' UO-lrt 


1 Q 49 40 7 


10 1 Q 94 f\ 

1U i-J Zi'rt.U 


St/1 5 


S AR.rs'lhr 


ASCA 


7001 9000 

1 UUJ-ZUUU 


0.032 


3Q089 
oyuoz 


130 


3C 403 


1 Q n9 1^8 
ly oz j-O.o 


09 30 94 n 

UZ JU Z'i.U 


Sv2 
oyz 


SO 


( n ^nnvs 


Kraft Pt al (900^ 

IV 1 dl L LL ell. \ ZUUU f 




45900 


131 


Pvjt A 


19 ^9 28 3 

J. U Ui/ ^o. u 


40 44 02 

rtU rtrt U-t-j • U 


Sy2 


Sc Int 


ASCA 


Sn iTinri in a pt a 1 ( 1 QQQ 1 

cLll 1 UIICL dl. \ A-ZjZ/Zs j 


0.911 


21100 


132 


9A/T A 11 0^0^07^-1-^08^47 
zivi.r\_o-A_ j lyoyuy i iJtuuuoj'± < 


1 Q nQ oQ Q 
iy jy ijy.y 


fi^ 08 ^4 (\ 

UO UO OI.U 


RT T,ar 

1 J 1 - 1 . fix 




XRT 


0003^09^00^ 


3.50 


479 5 


i 33 

-LOO 


IVPP fiSfiO 


90 08 A(\ Q 
zu uo ^u.y 


«i nfi 00 7 

-UJ. UU UU. 1 


Svl 5 




.A.1V1 1V1 


Wintpr pt al (^9008^ 
VV llllCi (JL dl. 1 ZUUu 1 


A(\ 


11Q1C; fmncA 
1 J_0 J-U I lllOo I 


134 


NPP 6Q91 

IN V_X\_/ UyZr± 


90 98 98 Q 
zu zo zo.y 


9n 43 94 3 

ZU rtO Z'-t.U 


Sv9 
oyz 


Q A rlfl/a Tnt 


XIVTM 

yvivi ivi 


Wintpr pt al ^9008^ 

VV 111LL1 L dl. \ ZUUO 1 


0.255 


8789 


135 


MPO -U04 48 009 


90 98 3^ 1 

ZU ZO UU.J. 


9n 44 01 
zu xx ui.u 


Sv9 
oyz 


SrH Tnt 


XMM 


^Trntpi^pt^aT ^9008^ 

VV lllLvJl UL. dl. \ ZiUUO ) 


0.096 


8789 


136 


4C -1-74 2fi 


20 42 37 3 


75 08 02 4 

I U UO U-i-j-rt 


Syl 


? 


ASCA 


74097000 

I rtUC/ 1 UUU 


0.615 


21210 


1 ?7 


Mrk ^iOQ 
1V11 rv juy 


90 44 0Q 7 
zu '-fci uy. i 


10 43 94 

±U t:0 iirt.U 


Svl 9 
oyi. -a 


S? 


ASCA 


71 01 3000 
( iuiouuu 


1.96 


40071 


138 


TP ^0fi3 

1V_> UUUO 


90 n9 09 ^ 

ZW UZr L/Z . O 


^7 04 07 7 

-O 1 U'i U 1 . t 


Sv9 
oyz 


Q A Cq'10-)- 
O-Ti J Ut 


ASCA 


Tiirnpr pt al nQQ7^ 
± ui iit_.i *_> l dl. ( ly? i i 


0.096 


93Q00 
zoyuu 


1 

-toy 


9A/T A tiY T91 1 401 98-U8904483 


91 1 4 01 9 
Z _L ±4: Ul.Z 


89 04 48 4 

OZ U4 '.tO. 4: 


Svl 

oyi 


V 


XRT 


0003^fi94009 
UUUOOUZ'iUUZ 


448 


^1 7Q 

u J- 1 y 


140 


TOR T21 2474-^0^8 


21 24 ^8 1 


'SO ^8 S8 1 

UU UO UO.J- 


Svl 

oy i 


? 


XRT 


0003^626002 

UUUUUUijUUUiJ 


0.708 


6690 


141 


TOR 21277-4-5656 


21 27 45 9 


56 56 34 4 

UU UU Urt.rt 


Svl 

oy i 


? 


XRT 


0003521 5003 

\J\J\JkjkJA J-U UUU 


0.426 


8372 


142 


RX 12135 9+4728 


21 35 55 

-il <J\J <J<J . KJ 


47 28 23 2 


Svl 
oy i 


? 


XRT 


00035628003 


0.138 


9115 


1 43 


pi<fG 91 AQ 30fi 


91 ^1 ^ ^ 
ZJ- O-i- oo.o 


30 97 ^4 

-OU Z I 04:.U 


BlciZcir 


? 


ASCA 


QiciKcirt Pt al hOOfi^ 

oicuci l ci di. \ i_yyu I 


24 


1 Q000 

-Lyuuu 


144 


TTPP 1 1 871 


99 00 41 4 


1 33 08 fi 

1U OO UO.U 


Svl 9 
oyi.y 


Sb Int 


XRT 


0003^978003 

UUUOOZ 1 OUUO 


0.078 


8928 


145 


NPP 71 79 

IN v_t\_.' ( ± t Z 


99 09 01 Q 

ZZ UZ L/± . ij 


31 o9 1 1 3 

OJ. OZ il.O 


Sy2 




ASCA 


Tiirnpr pt al MQQ?^ 

± ill 11(_>1 L dl . \ ± 1 1 


OOfifi 
u. uuuu 


14900 


146 


NPP 791 3 

IN VjV-y 1 ZIO 


99 0Q 1 9 
— — uy -Lu.z 


47 1 00 1 

_i ± ( J-U UU . J- 


Syl. 5 


Sa 


ASCA 


71 09fi000 


1.226 


27091 


147 


NGC 7314 


22 35 46.2 


-26 03 00.7 


Syl. 9 


SAB(rs)bc, Int 


ASCA 


Turner et al. (1997) 


0.9284 


45300 


148 


NGC 7319 


22 36 03.6 


33 58 32.5 


Sy2 


SB(s)bc pec, Int 


XRT 


00035083004 


0.012 


14731 


149 


3C 452 


22 45 48.8 


39 41 15.7 


Sy2 


S? 


Chandra 








150 


3C 454.3 


22 53 57.7 


16 08 53.5 


Blazar 


? 


XRT 


00035030001 


1.151 


13668 


151 


MR 2251-178 


22 54 05.8 


-17 34 54.8 


Syl 


? 


ASCA 


74028000 


0.649 


17760 


152 


NGC 7469 


23 03 15.6 


08 52 26.4 


Syl. 2 


(R')SAB(rs)a, Int 


ASCA 


71028010 


1.593 


18707 


153 


Mrk 926 


23 04 43.5 


-08 41 08.5 


Syl. 5 


Sbc, Int 


ASCA 


75049000 


1.218 


37221 


154 


NGC 7582 


23 18 23.5 


-42 22 14.2 


Sy2 


(R')SB(s)ab, Int 


ASCA 


Turner et al. (1997) 


0.0906 


17800 



21 



1 AGN type is from Tucllcr ct al. (2007). For AGN types, optical identifications arc listed, where available. Where "Gal" is indicated, 
there are no optical emission lines indicative of the presence of an AGN. The optical spectrum looks like a galaxy spectrum. Additional host 
galaxy classifications were obtained from the NED and LEDA databases. Where "?" is indicated, there is no available classification. 
2 Observations were collected from archival or published work from ASCA, Chandra, XMM-Newton, Suzaku, and the SWIFT XRT instrument. 
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TABLE 2 
X-ray Fits of SWIFT XRT spectra 



Smirrp 


^ H(Gal) 


Nit/ l \ 


Cvr. Fr£ic 




r 


V 2 /dof 


Fy 2 


type 


NGC 235A 


0.014 


28.25lt™ 


9975+ 0021 


2 


oc+0.40 
' oo -0.66 


20.6/21 


0.06, 2.92 


C 


NGC 454 


0.026 


15.901^1 


007+0-003 


2 


oi +1.33 
' O1 -0.88 


19.7/15 


0.023, 1.964 


c 


Mrk 1018 


0.0258 


°-ooi° °£ 


- 


1 


qo+0.07 
• a -0.05 


99.5/99 


8.73, 11.89 


S 


LEDA 138501 


0.169 


o n3o +0 - 040 
u.uju_ 030 


- 


1 


sl 9 +0.094 
• olz -0.0S9 


87.6/100 


5.08, 11.38 


S 


[HB89] 0212+735 


0.259 


S50+ - 220 
u.oou_ 200 


- 


1 


n 7fi +0.259 


30.6/23 


0.686, 5.54 


s 


QSO B0241+622 


0.742 


o ioo+°- 070 

u.iuu_ 060 


- 


1 


7 qo+0.083 
• ,OJ -0.080 


197.8/185 


3.89, 25.82 


s 


NGC 1365 


0.0142 


104.8 


74+0-25 
u -' 4 -0.15 


1 


71 +0.29 
' ' -0.23 


55.0/43 


0.40, 0.88 


c 


PGC 13946 


0.0156 


14.4+ 7 ' 4 

— 5 . 9 


04+0.05 
u - a -0.19 


1 


oc + 1.14 
'° -0.70 


9/6 


0.08, 2.96 


c 


2MASX J03565655-4041453 


0.026 


n 9 7+0.92 

^'-o.ei 


- 


1 


94+0-42 
a ^-0.30 


29.4/36 


0.19, 5.58 


s 


2MASX J04440903+2813003 


0.197 


n oq + 0.31 


0.98996l°;°°| 


1 


07+O.H 
°'-0.08 


329.8/331 


0.02, 12.34 


c 


1RXS J045205.0+493248 


0.531 


001 +°- 22 
u.uui_ 001 


- 


1 


95+O.I6 
ao -0.11 


110.1/86 


11.4, 37.8 


s 


XSS J05054-2348 


0.0228 


6.57±3;03 


- 


1 


ci +0.56 
• oi -0.51 


21.9/16 


0.15, 13.4 


s 


PKS 0537-441 


0.0394 


- 


- 


1 


7O+0.03 
• lo -0.03 


274.8/237 


4.41, 7.57 


s 


IRAS 05589+2828 


0.462 


0.00+ - 04 


- 


1 


50+0-06 
• DU -0.06 


106.4/98 


3.95, 16.42 


s 


ESO 121-G028 


0.0469 


16.19+i 2 4 6 


- 


2 


9n +1.55 
zu -1.32 


4/6 


0, 2.97 


s* 


2MASX J06403799-4321211 


0.0624 


16.13±i§;° 


- 


1 


79+1-41 
• (y -1.51 


6.6/7 


0.0006, 1.58 


s* 


Mrk 6 


0.0623 


3 26 +1 ' 33 


0.909in 7 5 


1 


0-, +0.40 
-0.37 


31.6/26 


0.44, 11.36 


c 


SDSS J074625.87+254902.2 


0.04 


062+ 04 




1 


90+0. 09 
• zy -0.08 


95.8/84 


1.63, 6.63 


s 


IGR J07597-3842 


0.62 


00 +0.03 


- 


1 


oo+0. 06 
• SS -0.05 


185/181 


6.47, 27.81 


s 


IRAS 09149-6206 


0.189 


o-85l8:?? 


- 


1 


74+0.20 
' ' -0.14 


75.7/68 


1.81, 11.59 


s 


MCG -01-24-012 


0.0355 


1 1 44+ 2 - 82 


- 


2 


17 +0.50 

11 -0.44 


26.8/29 


0.04, 8.28 


s* 


2MASX J10384520-4946531 


0.262 


i cc+0.56 
i '°°-0.58 


o.sso+nn 


1 


44+0-18 
-0.20 


77.8/66 


0.60, 6.17 


c 


LEDA 093974 


0.141 


4 24 +1.06 
^' z ^-1.00 


0.9881°;°°! 


2 


1 9+O.43 
- 1 -0.40 


57.7/35 


0.16, 4.95 


c 


1RXS J112716. 6+190914 


0.017 


95+O.1O 
u - zo -0.08 


- 


1 


7Q+0- 15 
,a -0.15 


58.4/48 


1.38, 3.77 


s 


SBS 1136+594 


0.0112 


- 


- 


1 


94+0-05 
• a -0.04 


132.6/115 


4.76, 6.15 


s 


2MASX J11454045-1827149 


0.0349 


- 


- 


1 


Q9+0.03 
• a -0.03 


212.7/214 


10.37, 14.33 


s 


Ark 347 


0.0236 


30 o+ 8 - 76 


095+0.005 
u.yao_ 017 


2 


-17+1.03 
■ x ' -0.80 


6.3/13 


0.03, 1.80 


c 


XSS J12389-1614 


0.0369 


n 91 +0.83 


- 


1 


04+O.37 
•° 4 -0.35 


19.2/30 


0.30, 9.57 


s 


4U 1344-60 


1.05 


1 45+ - 20 


- 


1 


69+0-09 
,u -0.09 


231.7/216 


2.09, 29.20 


s 


RBS 1366 


0.0167 


05+ 01 
u - uo -0.01 




2 


no+0.06 
U °-0.06 


195.1/176 


9.26, 11.03 


s 


Mrk 1498 


0.021 


17.841 2 ; 37 


ii 990+0.005 
u.a»u_ 006 


1 


09+0.29 
• a -0.22 


55.8/55 


0.11, 7.20 


c 


2MASX J16481523-3035037 


0.173 


24+O.O6 


- 


1 


79+0.10 
• ' -0.10 


106.3/96 


2.93, 9.95 


s 


1RXS J174538. 1+290823 


0.137 


02+ - 07 

u - uz -0.02 


- 


1 


oc+0.07 
•°°-0.07 


84.8/89 


3.25, 6.20 


s 


NVSS 193013+341047 


0.173 


97 A 7+20.37 
z '- 4 '-13.74 


926+ ' 065 
u.yzD_ 426 







0.74/3 


0.03, 2.22 


c 


2MASX J19595975+6508547 


0.103 


07+ ' 04 
u - u ' -0.04 




1 


93+0-11 
• a -0.10 


77.9/71 


50.19, 91.75 


s 


2MASX J21 140128+8204483 


0.0736 


047+ - 023 
u.u^(_ 021 




1 


89+0-09 

•° y -0.09 


99.9/96 


6.27, 11.92 


s 


IGR J21247+5058 


1.17 


1 30+ ' 23 




1 


no + 0.09 

oo -0.09 


202.5/194 


3.01, 63.18 


s 


IGR 21277+5656 


0.806 


0.424+°-^ 




2 


09+0-10 
uz -0.10 


141.9/144 


4.29, 20.25 


s 


RX J2135.9+4728 


0.385 


44+0.17 
-0.15 




1 


66 +0.l6 
DD -0.15 


52.1/56 


1.37, 7.37 


s 


UGC 11871 


0.0544 


2 39+ - 71 
z,oa -0.56 




1 


CO + 0.27 

■ o - 3 -0.25 


39.1/31 


0.39, 6.35 


s* 


NGC 7319 


0.083 


86-48l 3 ^ 7 


9965+ ' 0027 
u.yyoo_ 00 55 


2 


07+O.53 
' ol -0.28 


1.6/4 


0.13, 1.49 


c 


3C 454.3 


0.0645 


0-08±g;gi 




1 


49+0-03 
* a -0.03 


446.7/407 


14.31, 46.33 


s 



1 Milky Way Galactic absorption obtained from the N H FTOOL on HEASARC in units of 10 22 cm 2 . 

^ Observed flux in the 0.5— 2 keV and 2— lOkeV bands in units of 10~ 12 crgss -1 cm -2 . The statistical errors on fluxes are very 
small and the systematic errors are dominated by model uncertainties. 



TABLE 3 X-ray Spectral Fits from the Literature/Suzaku 
XIS / TARTARUS Fits 



Source 


n H(abs) 


r 


P ar modei 3 


Fe K E 


Fc K EW 


X 2 /dof 


Fx 2 


model 


type 


Mrk 348 


16±| 


l-69±g"|g 


— 


6.27l°-° 7 


215+ 7 5 5 


117.4/116 


0.07, 4.84 


double pow 


C 


Fairall 9 


_ 


i-»i±g : gi 


_ 


6.37l°;i 3 


350±igg 


1283/1149 


18. 2 4 , 19.0 


pow 


S 


NGC 526A 


1.50t°o 14 


l-82l° : i 6 4 


32.5 


6.4 


1H±|| 


1676/1586 


3.5 4 , 35.4 


double pow 


C 


ESO 297-018 


41.71+j™ 


, 9 o+0.14 


0.993+g-°°S 


6-38+°'°2 


276+^ 


180.7/176 


0.03, 3.26 


pcfabs 


c 


NGC 788 


46.89t*; 4 ? 


l-89l°'?* 


0-993t°;°° 3 5 


6.41±g-°l 


148± 45 4 


1676/1586 


0.11, 4.95 


pcfabs 


c 


Mrk 590 




1.62t° : ° 2 2 




6.39l° : ° 2 


121±iJ 


948/964 


4.4, 6.4 


pow 


S 


NGC 931 


0-361°;°! 


1.75±o'li 


0.066±g-g|J 


6.4i±g-;i* 


550tl|° 


342/365 


1.14 4 , 5.1 


pow + bb 


S 


NGC 985 




l-60±g-g| 


o.oiotg : °i 






179/174 


63, 54 


pow + bb 


s 


ESO 416-G002 


< 0.027 


1.63+°°4 


0-105l° : °°l 


_ 


_ 


647/634 


7.53 


pow + bb 


s 


ESO 198-024 


_ 


1.84t° : ° 2 2 


n 179 +0.007 
—0.007 


6.41 


77+23 
' — 23 


1667.9/1535 


15.8, 11.0 


pow + bb 


s 


RBS 476 


— 


1.87t°- 2 2 




— 




47.2/50 


10.30, 18.02 


pow 


s 


3C 105 


28. 16+g 23 


1 S6+°' 18 


0.973±°;°w 


fi 49 +0.04 
—0.06 


216±g? 


315.4/317 


0.04, 2.08 


pcfabs 


c 


3C 111 


0.62±g;{g 


-, 79 +0.'03 
A - ' *—Q 02 






_ 


1653/1724 


5.0, 35 


pow 


s 


1H 0419-577 




1.48t° : ° 7 


_ 


_ 


_ 


280/319 


4.8, 9.4 


pow 


s 


3C 120 




2.00l° : ° 2 


_ 


6.06t°|? 


> 400 


139.9/126 


23.5 4 , 45.9 


pow 


s 


MCG -01-13-025 


< 0.0039 


1.70t°'°i 


0-139l°°32 


_ 


_ 


819.3/874 


21.3 


pow + bb 


s 


Ark 120 


_ 


1.90l°° 2 


0.20t°;°i 


6.46l°;°J 


123t|g 


553/449 


17.1, 27.8 


pow + bb 


s 


Pictor A 


°- 06 -0.02 


1 77 +0.04 
L - ' ' _o 05 






_ 


113/106 


6.97,11.33 


pow 


s 


ESO 362-G021 




l-58±° : gl 


_ 


_ 


_ 


365.6/336 


4.65,11.02 


pow 


s 


[HB89] 0537-286 


— 


i.eoig-g; 


— 


— 


— 


142.8/140 


0.57,1.75 


pow 


s 


PKS 0548-322 


0-103±g-gg* 


2.05t°°2 


_ 


_ 


_ 


862.9/846 


25, 28 


pow 


s 


NGC 2110 


2.84±g-Jg 


1.54±°'o« 


0.952l°;°°« 


6.4 


103+1 


628/682 


0.86 4 , 25.5 


pcfabs 


c 


MCG +08-11-011 


0.25+EJ : °« 


1.64I° : °| 




6-43l°;°l 


380+if 


896/860 


5.5, 20.3 


pow 


s 


EXO 055620-3820.2 


„ r 7 +0.14 


i O9+0.06 
l-°^_0 g 7 


0.966±g"ggg 


6.26 


20011°° 


1177/1215 


1.44, 22.47 


pcfabs 


c 


ESO 005-G004 


5.58l° : ^ 


1.48±g : g* 


0.984l°;°° 2 


6-39l°;°i 


79t? 5 


1316.1/1161 


0.15, 10.41 


pcfabs 


c 


Mrk 3 


1.24±; : £ 


2.94t° : i 


0.076 


6.4 


977+11? 


134.1/253 


0.58 4 , 2.15 


double pow 


c 


Mrk 79 


< 0.0063 


O.-+0.04 

J-.OlJ Q Q 4 


n 199 +0.007 

O. J-^-£ Q QQ 7 


6-33l°;°* 


-1 -. 7 +0.15 
11 ' -0.15 


436.8/480 


42.75 


pow + bb 


s 


4C +71.07 


n+ - 03 

u — 03 


i 45+0-05 
A -^°_0 05 




6.4 


< 110 


437.6/503 


4.25, 14.0 


pow 


s 


2MASX J09180027+0425066 


ii.i3±i-5| 


-, 77 +0.'22 

' ' _Q 1^ 


0.9871°;°°! 


6.39t°;° | 


65.6l^; 4 


310.6/333 


0.02, 1.38 


pcfabs 


c 


Mrk 110 


0-02±g-gi 


-, 7 o+0.'02 








484.4/451 


16.55, 27.93 


pow 


s 


NGC 2992 


1-19±0 : 96 


l-54±° : « 


0-476t°; 2 °i 


6.4 


656+ 2 ° 4 


252/257 


0.86 4 , 3.51 


pcfabs 


c 


MCG -05-23-016 


1 60+ '"" 5 

uu — 006 


l-90±g : g* 


139 


6.4 




1995/1744 


7.84 4 , 85.1 


double pow 


c 


NGC 3081 


94.2+f' 2 , 


1.60l° : i 2 7 


0.990l°°o2 


6.38+g-gg 


191±fi 


303/245 


0.18, 5.53 


pcfabs 


c 


NGC 3227 


l-74+S : o9 


-, OC-+0.04 


n ocn+0.006 


6.36+° : °l 


!42t 4 o 
01 ' -181 


488.1/445 


2.44, 28.29 


pcfabs 


c 


NGC 3281 


86.311^2 


1 67+°'' 44 
1D ' -0.50 


n qsi+ o: ° 12 

U.9S1_ 025 


6 Sfi+ 06 


153.6/135 


0.01, 2.58 


pcfabs 


c 


Mrk 421 


n n77 +0.007 
u - u ' '-0.007 


2 95+ 01 








621.1/439 


61.22, 21.19 


pow 


s 


NGC 3516 


0.353l°?2 


-, 7 o+0.01 


0.99998l 2e - 4 5 62 


6 S2+ - 09 
D --' z -0.02 


10411° 


584.2/413 


2.44, 28.29 


pcfabs, bb 


c 


NGC 3783 


o.57t°;? 4 


1 60+°' 04 


n 799 +0.107 
u. I^z_ Qg2 


a ,.+0.07 
6 -34I .04 


80l 26 9 


559.9/421 


23.96, 70.49 


pcfabs, bb 


c 


NGC 4051 




1 Qt;+0.02 
± - MO -0.02 


0-087±g;ggi 


6 4S+ ' 02 
O-4J-0.02 




509.7/434 


24.11, 21.86 


pow + bb 


s 


NGC 4138 


8.0011;°° 






6.4 


00+30 

°3_30 


408/408 


0.06, 5.5 


pow + bb 


s* 


NGC 4151 


c o 9 +0.07 


i - 4D -0.02 


u - yoy -0.001 


6 S6+ 01 
D -' ; ' D -0.04 


13711° 


692/413 


3.31, 129.36 


pcfabs 


c 


Mrk 766 




1 7S +0.01 


n4^+ '0 07 

U.U4J_ 005 


fi no+0.07 


75t£ 


498.2/441 


15.65, 20.09 


pow + bb 


s 



Continued on Next Page. . . 



TABLE 3 - Continued 



finnrrp 

'.'V ) i 1 1 v i . 


n H (abs) 


r 


P ar modeZ 3 


Fc K E 


Fc K EW 


v 2 /dof 


1 X 


morlpl 


type 


NGC 4388 


36.17+jlji 


1 7Q+0.17 
1 - la -0.17 


0.9541°;™ 
0.678lH 5 6 6 2 


k 44+0- 04 
"•^-0.04 


4661** 


396.5/344 


0.52, 5.90 


pcfabs 


C 


NGC 4395 


q on+0.68 
°- OKJ -0.67 


1 n7 +0 ' 12 
J^ 1 -" -0.06 


6 22+ ' 11 
D ' zz -0.16 


1 01 +69 


318.6/359 


0.51, 5.95 


pcfabs 


c 


3C 273 




1 61 + 001 


1 X.A+ - 021 

u.ioi_ 013 


- 




574.06/452 


57.44, 116.13 


pow 4- bb 


s 


NGC 4507 


34.28l4;g" 


i-eslu.l 


66 


6.4 


167l 3 * 


564/490 


0.51 4 , 22.8 


double pow 


c 


NGC 4593 


n 031 + 011 
u.ucu_ 012 


1.86l°;S 


- 


K 41 +0-06 
D -^ i -0.08 


105±|» 


583.8/444 


21.11, 34.19 


pow 


s 


3C 279 


u.uzu_ 016 


i 70+0.04 
A "' 8 -0.03 


— 


— 


— 


449.2/430 


4.59, 8.06 


pow 


s 


NGC 4945 


7qq+°- 957 


1 7K+0.31 

,o -0.14 


691 + ' 219 
u.D»i_ () 59() 


6.4 


1020l 2 9 ° 


255/233 


0.76 4 , 2.91 


pcfabs 


c 


MCG -03-34-064 


40 7Q+ 4 - 79 


1 qq+0.28 
J " oo -0.23 


961 + - 014 


fi 44+0- 09 


19ll!, 23 


306.9/261 


0.41, 4.78 


pcfabs, apec 


c 


MCG -06-30-015 


n 1 n+0.03 

u - ±a -o.oi 


1 -' 8 -0.02 


nc;7+0.003 
u ' uo ' -0.003 


6.41 


71.41 29 


488.2/450 


20.41, 37.65 


pow 4- bb 


s 


NGC 5252 


A QA+0-52 
*- yl -0.42 


± - oo -0.13 


qRO+O' 009 
u ' wi -0 .009 


6.4 


76lg 


483/478 


0.173 4 , 5.81 


pcfabs 


c 


IC 4329A 


n 6i + 03 


1.80l°°i 


0-94llHi5 


6.40 


nq+123 

aa -18 


862.8/452 


21.91, 81.48 


pcfabs 


c 


Mrk 279 


< 0.013 


2.04±°;<g 


- 


6.4 


223l 2 * 


644.9/447 


22.01, 25.98 


pow 


s 


NGC 5506 


A ' 8 -0.05 


1 7P+ 003 
' D -0.02 


0.98931°;°°} 


6.40 


137l 2 * 


426.4/413 


2.81, 67.59 


pcfabs 


c 


NGC 5548 


o-or±g;g* 


1 OQ+0.01 

i-OO-O.Ol 


031 +0 016 


6.41 




502.3/423 


40.34, 59.60 


pow + bb 


s 


ESO 511-G030 


0.098t u ;^i 




- 


6.41 


125l 29 8 


384.5/388 


6.26, 13.04 


pow 


s 


RBS 1399 


0.102±°;«£ 


1-951H1 


- 


- 


- 


499.0/417 


19.49, 33.79 


pow 


s 


NGC 5728 


82.0+H 


n Q4+ 08 

u - a -0.07 


0.011 


R qo+0.04 
D -"-0.04 


890 


16/16 


0.30, 1.44 


pcfabs 


c 


Mrk 841 




1 81 +0.0/' 


20 + ° 01 
u - zu _0.01 


6.25+H 




548/244 


16, 10 


pow + bb 


s 


Mrk 290 




^ „ ^ -1-0 04 

1 61 + u - u4 
J - D1 -0.04 


0.051°°! 


6.4 


176l 7 9 


523.3/440 


4.84, 9.31 


pow 4- bb 


s 


Mrk 501 




2 01 + 01 

z - ul -o.oi 


- 


- 


- 


523.8/416 


74.96, 126.03 


pow 


s 


NGC 6300 


2i-5±S:i 


1 OQ+0-08 
1 -° o -0.08 


0.03 


K 49 + O.OI 


148li| 


423.5/420 


0.037, 8.6 


** 


c 


3C 382 


— 


1 1 O+0.10 
1 " L -0.29 


1 q4+°- 24 

±,a -0.06 


fi 90+0.21 
D-JU_0 .32 


489l 2 ? 9 


1011/982 


18.00, 31.00 


pow + brems 


s 


ESO 103-035 


21.6^j 


2-08l .i 


0.076 


6 9K9+0 270 
D.JDJ_ 144 


200l 2 f 


534/527 


0.10 4 , 24.10 


double pow 


c 


3C 390.3 


12+ 003 




— 


a r 9 + 0.10 
°- oz -0.10 


108l®° 


807.8/792 


7.48 4 , 19.4 


pow 


s 


NGC 6814 


— 


1 74+O.O7 
1 - '*-0.06 


— 


6.4 


545l 2 i^ 


221.8/250 


0.53, 1.25 


pow 


s 


3C 403 


45 n +7 ° 

4o - u -6.0 


l.76l°; 2 2 


0.0044 


6.32l°; 2 


244l 2 ° 


31.1/50 


0.05, 0.75 5 


double pow 


c 


Cyg A 


1 1 +21 '° 
11 - u -6.0 


l.80l°;g 


— 


— 


— 


969.3/932 


16.0, 24.0 


pow 4- R-S 


c 


4C +74.26 


-|77+°- 035 
u - ±l '-0.016 


1-861^3 


1.00-0.091 


6.4 


iiol^ 


413/405 


6.67, 19.61 


pcfabs 


c 


Mrk 509 


n 01 £+0-008 
u.uio_ 00g 


1.87l°;°J 


— 


6.4 


86.ll5° 


573/445 


28.32, 45.83 


pow 


s 


IC 5063 


~ ^ _,-.4-9 94 

2l.78±l;g* 


- ^^4-0 99 
1 - OO -0.22 


63.1 


6.4 


IO8I54 


526/461 


0.26 4 , 13.1 


double pow 


c 


PKS 2149-306 


0.07±°;{g 


- 1 -- ' -0.05 


— 


— 


— 


364.6/344 


3.39 4 , 10.6 


pow 


s 


NGC 7172 


°- ±a -3.30 


1 fiQ+0-08 
A " oy -0.09 


- 


6.4 


68+ 35 


690/729 


0.128 4 , 37.0 


pow 


s 


NGC 7213 


n n25+ 011 
u.uzo_ 012 


1 7^+0.02 
A -'°-0.02 


- 


6.4 


133l|| 


519.9/445 


16.65, 31.18 


pow 


s 


NGC 7314 


^ i ^.4-0 01 
1.161^4 


„ . -1-0 05 
9 4.1 ^ u - uo 
z -^ A -0.02 


18.5 


6.4 


1821™ 


1702/1561 


7.35 4 , 35.6 


double pow 


c 


3C 452 


22.9811;™ 


-0.08l°;° 2 8 5 


936+ 012 
U.»OD_ 034 


6.4 


100 


135.5/110 


0.01, 2.17 


pcfabs 


c 


MR 2251-178 






09+°'° 3 


6.4 


67 


406.8/437 


6.39, 27.24 


pow + bb 


s 


NGC 7469 




1 98+ 01 

1 - a °_o.oi 




6.4 


1 91 + 38 


562.9/444 


24.10, 32.55 


pow 


s 


Mrk 926 


0.035±g:°i 


1 79+0.02 

1 - ,a -0.02 




6.4 




574.3/416 


15.70, 33.13 


pow 


s 


NGC 7582 


7 QQ+146 

' - oa -i.oo 


1 38+ ' 23 
i.oo_ 20 


23.5 


6.4 


106lf 4 


497/392 


0.45 4 , 13.2 


double pow 


c 



x Milky Way Galactic absorption obtained from the nn FTOOL on HEASARC in units of 10 22 cm -2 . 

2 Observed flux in the 0.5-2keV and 2-10 kcV bands in units of 10 — 12 ergss -1 cm~ 2 . Where only one number is shown, the value is the 0.3-10 keV flux. The statistical errors on fluxes 
are very small and the systematic errors are dominated by model uncertainties. 

3 This parameter accounts from extra components referred to in the model column. If the model includes: bbody then this is the temperature in keV (kT), double pow then this is the 
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ratio of normalizations between the first and second power law components, and pcf abs then this is the covering fraction. 
4 Estimate of 0.5-2 keV flux from Tartarus, only 2-10 keV flux was given in original paper. 
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TABLE 4 

K-band Derived Mass and ~L9^[ okeV /L E dd 



No. 


Source 


M/Mq 1 




No. 


Source 


M/Mq 1 


Lx/Lfidd 2 


1 


NGC 235A 


8.76 


-3.75 


78 


1RXS J112716.6+190914 


9.00 


-3.21 


2 


Mrk 348 


7.97 


-3.53 


79 


NGC 3783 


8.21 


-3.25 


3 


Mrk 352 


7.26 


-2.69 


80 


SBS 1136+594 


7.53 


-2.03 


4 


NGC 454 


6.23 


-2.08 


81 


UGC 06728 


6.81 


-3.22 


5 


Fairall 9 


8.91 


-3.13 


82 


2MASX J11454045-1827149 


6.70 


-1.36 


6 


NGC 526A 


8.02 


-2.75 


83 


CGCG 041-020 


8.46 


-3.32 


7 


NGC 612 


8.47 


-3.17 


85 


NGC 4051 


7.27 


-4.05 


8 


ESO 297-018 


9.68 


-4.66 


86 


Ark 347 


8.12 


-3.99 


9 


NGC 788 


8.51 


-3.71 


88 


NGC 4138 


6.82 


-3.79 


10 


Mrk 1018 


8.94 


-3.46 


89 


NGC 4151 


7.69 


-3.26 


12 


Mrk 590 


8.87 


-4.08 


90 


Mrk 766 


7.85 


-3.18 


15 


NGC 931 


8.55 


-4.25 


91 


NGC 4388 


8.53 


-4.24 


16 


NGC 985 


8.94 


-2.78 


92 


NGC 4395 


5.30 


-3.30 


17 


ESO 416-G002 


9.02 


-3.45 


94 


NGC 4507 


8.39 


-3.54 


18 


ESO 198-024 


8.36 


-2.85 


95 


ESO 506-G027 


8.59 


-3.51 


20 


NGC 1142 


9.36 


-4.01 


96 


XSS J12389-1614 


8.88 


-3.50 


24 


NGC 1365 


8.88 


-4.75 


97 


NGC 4593 


8.61 


-4.02 


25 


ESO 548-G081 


8.94 


-4.27 


100 


SBS 1301+540 


7.54 


-2.24 


27 


PGC 13946 


8.75 


-3.74 


102 


NGC 4992 


8.56 


-3.69 


28 


2MASX J03565655-4041453 


8.64 


-2.88 


103 


MCG -03-34-064 


8.28 


-3.56 


29 


3C 105 


7.79 


-2.00 


105 


MCG -06-30-015 


7.36 


-2.87 


31 


1H 0419-577 


9.00 


-2.83 


106 


NGC 5252 


8.64 


-3.91 


32 


3C 120 


8.56 


-2.71 


108 


IC 4329A 


8.52 


-3.05 


34 


MCG -01-13-025 


8.06 


-3.18 


109 


Mrk 279 


8.62 


-3.09 


36 


XSS J05054-2348 


7.53 


-2.04 


110 


NGC 5506 


7.77 


-3.12 


38 


Ark 120 


8.74 


-3.13 


112 


NGC 5548 


8.42 


-3.03 


39 


ESO 362-G018 


9.00 


-4.78 


113 


ESO 511-G030 


8.66 


-3.70 


40 


Pictor A 


7.60 


-2.30 


115 


NGC 5728 


8.53 


-4.90 


45 


NGC 2110 


8.28 


-3.94 


116 


Mrk 841 


8.15 


-2.88 


47 


EXO 055620-3820.2 


8.44 


-2.82 


117 


Mrk 290 


7.68 


-2.62 


49 


ESO 005-G004 


7.89 


-3.99 


118 


Mrk 1498 


8.59 


-3.10 


50 


Mrk 3 


8.48 


-3.66 


124 


1RXS J174538.1+290823 


8.75 


-2.70 


51 


ESO 121-G028 


9.00 


-3.81 


125 


3C 382 


9.22 


-3.05 


53 


2MASX J06403799-4321211 


- 


- 


126 


ESO 103-035 


7.73 


-3.12 


55 


Mrk 6 


8.24 


-3.44 


127 


3C 390.3 


8.52 


-2.58 


56 


Mrk 79 


8.42 


-2.95 


129 


NGC 6814 


8.15 


-5.47 


60 


Mrk 18 


7.45 


-3.76 


133 


NGC 6860 


8.24 


-3.75 


61 


2MASX J0904699+5536025 


7.70 


-2.64 


136 


4C +74.26 


9.00 


-2.51 


62 


2MASX J09112999+4528060 


7.53 


-2.83 


137 


Mrk 509 


8.59 


-2.70 


64 


2MASX J09180027+0425066 


8.57 


-2.88 


138 


IC 5063 


7.68 


-3.08 


65 


MCG -01-24-012 


7.16 


-2.26 


139 


2MASX J21 140128+8204483 


8.81 


-2.72 


66 


MCG +04-22-042 


8.49 


-3.13 


144 


UGC 11871 


8.34 


-3.54 


67 


Mrk 110 


7.80 


-2.11 


145 


NGC 7172 


8.31 


-3.58 


68 


NGC 2992 


8.04 


-4.52 


146 


NGC 7213 


8.63 


-4.46 


69 


MCG -05-23-016 


7.66 


-2.70 


147 


NGC 7314 


7.84 


-3.73 


70 


NGC 3081 


7.96 


-3.66 


148 


NGC 7319 


8.54 


-3.55 


71 


NGC 3227 


7.83 


-4.02 


151 


MR 2251-178 


8.76 


-2.56 


72 


NGC 3281 


8.62 


-4.32 


152 


NGC 7469 


8.64 


-3.55 


75 


Mrk 417 


8.04 


-2.87 


153 


Mrk 926 


8.95 


-2.93 


77 


NGC 3516 


8.13 


-3.64 


154 


NGC 7582 


8.31 


-4.51 



1 The logarithm of M/Mq where mass is derived from the 2MASS K-band stellar magnitudes (see Mushotzky et 
al. 2008). 

2 The logarithm of ^-TofceV / Lem- Here, L^-TofceV is the value supplied in the X-ray spectral fitting tables for 
sources with Nh < 10 22 cm -2 and the calculated unabsorbed flux for the higher column density sources. The 
Eddington luminosity is calculated as 1.3 x 10 38 x M/M©. 
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Simple Model Complex Model 




Energy Energy 

Fig. 1. — The above figures are examples of the complex and simple models used in the paper. The simple model (left) is an absorbed 
power law model (Nh = 8 x 10 20 cm -2 and T = 1.75). In addition to the power law, we include a blackbody component (kT = 0.1 keV, 
dashed line) and a 60 EW Fe K-a line at 6.41 keV. The complex model (right) is an absorbed partial covering model (or a double power 
law model, which gives similar results). Here, the same power law and gaussian components are used as for the simple model, with 
Nh = 1 X 10 23 cm~ 2 and a covering fraction of 0.95. 
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2MASX J04440903+28 13003 




0.5 1 2 5 10 

channel energy (keV) 



LEDA 138501 



1RXS Jl 12716. 6+l'><»14 



2MASX Jl 1454045-1827149 




channel energy (keV) 



channel energy (keV) 



channel energy (keV) 



Fig. 2. — Examples of XRT spectra for sources fit with simple and complex models, along with residuals. The spectra of 2MASX 
J04440903+2813003 and 2MASX J11454045-1827149 were rebinned to better show the residuals from the model. Details of each of the 
fits are recorded in Table [2] The sources in the top row are all well-fit with the complex model, while the lower row sources have simple 
spectra (see Figure [TJ. 



29 




r= , t L.grm.5 
j i i i : i i i 



1 10 100 

Fu-195keV /^2-lOkeV 



Fig , 3. — We plot all of the 9-month BAT AGN with soft and hard fluxes on the color-color plot initially presented in IWinter et al.l 
(2008). The triangles represent sources with Njj < 10 22 cm -2 , while the circles represent sources with Njj > 10 3 cm -2 . Squares indicate 
the intermediary hydrogen column sources. Finally, diamonds are used to represent the 17 blazar/BL Lac sources, which all have low 
measured column densities. In the text, we describe Cyg A (the circle labeled in the plot) and 5 other sources (NGC 1365 and NGC 5728 
(circles), Mrk 3 (square), and NGC 4945 and NGC 6814 (triangles), within the box) to have unusual positions. 
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Fig. 4. — We plot the distribution of the log of column densities for our uniform sample of 102 sources. The left hand plot shows the 
simple model/power law sources, where the mean and standard deviation are /i = 20.58 and <r = 0.74. The right hand plot shows the 
distribution of complex/partial covering/double power law sources, where the mean and standard deviation are /i = 23.03 and a = 0.71. 
Clearly, the simple model sources are dominated by low column density sources while the complex model sources mostly have higher column 
densities. 
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Fig. 5. — We plot the distribution of the spectral index, T, for our uniform sample of 102 sources. The left hand plot shows the simple 
model/power law sources, where the mean and standard deviation are fi = 1.78 and a = 0.24. The right hand plot shows the distribution 
of complex/partial covering/double power law sources, where the mean and standard deviation are /i = 1.73 and <r = 0.45. The mean of 
the simple and complex models are very close, with only a 0.05 difference. If the partial covering model is an accurate physical model, all 
of the AGN have roughly the same power law description for their X-ray spectra. 
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Fig. 6. — (left)We plot the absorption corrected 2— lOkeV luminosity versus the 14-195 keV luminosity from BAT. The dashed line shows 
the best fit line to the data. The fit shows a linear relationship (i^-To 05 ^14— 195) with high significance (R 2 = 0.85). The second line 
shows a slope of 2 in logarithmic space (L^°I[ oc 100 X Li4_i9s). The 5 sources which deviate the most from this fit are labeled in the plot 
and discussed in the text, (right) We plot the ratio of /Li4-i95fceV versus the total luminosity in the 2— lOkeV and 14— 195 keV 

bands. The lines show values of constant V between both bands at constant ratios of ^^lOkeV /Li4-i95fceV ■ 
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Fig. 7. — We plot the distribution of TofceV / ^Edd f° r our Seyfert 1 - 1.2 (red) and Seyfert 2 (blue) sources. From the plot, it is quite 
clear that the distribution of Seyfert 2s corresponds to lower TofceV / ^ Edd- The X-ray luminosities are unabsorbed values and so the 
result is not merely a result of absorption. For both sets of distributions, we used a Kolmogorov-Smirnov test, finding a high probability 
of the distributions being different (the P values were < 0.001). 
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FlG. 8. — We plot the unabsorbed 2— lOkeV luminosity versus power law index (left) and the ratio of unabsorbed 2-10 kcV luminosity 
to Eddington luminosity versus power law index (right). Eddington luminosity is calculated from an estimate of the black hole mass using 
2MASS K band photometry. We see no correlation between T and ^"-lOkeV or ^2- r [okeV /^Edd- Assuming that ^"-lOkeV ' s P ro P or ti° na l 
to bolometric luminosity, our result shows no correlation between T and accretion rate, contrary to those of[Shemmcr ct al. (2006). The 
triangles indicate optical Syl-1.2 sources, the squares indicate Syl.5— 1.9 sources, and the circles indicate Sy2 sources. 
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Fig. 9. — We plot the narrow Fe Kq line equivalent width (EW) versus unabsorbed 2 - lOkeV luminosity (top) and our proxy for 
Eddington rate (bottom). In the left hand panels, we plot the distribution for all of our sources. The triangles indicate optical Syl— 1.2 
sources, the squares indicate Syl. 5— 1.9 sources, and the circles indicate Sy2 sources. The mean EW for the 76 sources plotted is fi = 200 eV. 
In the middle and right panels, we plot the distribution after binning the values by luminosity or L^-Tofcev/^Sdd using the mean Fe K 
EW (middle) or median EW (right). While anti-correlations are seen in both sets of plots using the mean EW (middle), the relationship 
weakens substantially for the luminosity plot when the median EW is used (top right). Thus, our data does not show evidence of the X-ray 
Baldwin effect but does show an anti-correlation in the binned EW vs. ^"-WkeV /^ Edd re l a tion. 
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Fig. 10. — We plot ^"—lOkev/^Edd (left) and the narrow Fe Ka line equivalent width (EW) (right) versus the X-ray measured hydrogen 
column density. We find no correlation in either relation. Here, the triangles indicate optical Syl-1.2 sources, the squares indicate Syl. 5— 1.9 
sources, and the circles indicate Sy2 sources. 
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Fig. 11. — In the top row, we plot the blackbody temperature for the 19 simple model sources requiring a soft excess model versus 
^2°-iokeV I^Edd an d black hole mass, respectively. There is no correlation between these parameters. Similarly, we find no correlation 
between the power law index and blackbody temperature (bottom left). However, there is a correlation between the unabsorbed luminosity 
in the power law component and that in the blackbody component (bottom right). Fitting a line to the data, we find that the relationship 
is nearly linear (J^po-w 

(x~L kT ). Here, triangles represent Sy 1-1.2 sources and squares indicate Sy 1.5-1.9 sources. 
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Fig. 12. — Plotted at left is the distribution of soft band X-ray luminosity for sources with spectra best fit by a complex model. The 
mean value is log Lq 5 _ 2.okeV = 41 with a = 0.94. This shows that for more than half of the sources the luminosities are low enough 
that we can not rule out the idea that the soft emission is from X-ray binaries/star formation/diffuse gas in the host galaxy. Plotted at 
right, we show the soft X-ray observed luminosity versus the hard X-ray observed luminosity. A strong correlation is not seen, indicated 
by R 2 = 0.51. This further suggests that we can no t ex plain the soft emission as a simple extension of the hard power law emission. The 
symbols and color coding are the same as in Figure [10] 




Fig. 13. — These plots show the fraction of absorbed sources in a given 2-10 keV luminosity bin (left) and accretion rate bin (right). 
The black bins show the fraction of sources with logiVjj > 23. These are a subset of the sources with log Nh > 22, pictured in blue. 
There are no high column density sources in the highest 2-10 keV luminosity (unabsorbed) bin. Further, the fraction of obscured sources 
is lower at high luminosities. In the second plot, it is not clear that the fraction of obscured sources increases with lower accretion rate 
(i^2°~iokeV /^Edd)- We find that 50% of the sources in the highest luminosity bin are absorbed, however, with only 8 sources in this bin, 
this could be the result of poor sampling. 
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Fig. 14. — Shown here is the average spectrum constructed from the X-ray fits to our uniform sample of 102 AGN. The solid black 
curve is the average spectrum of the AGN sources. The dashed lines show the contribution from the simple absorption sources (magenta) 
and the complex absorption sources (green). We also show a line fit to the average spectrum from 0.6 — lOkeV. The slope of the line, 
r = 1.369 ± 0.004, is consistent with the modeled CXB slope. The total flux from our sources corresponds to only 0.29% of the entire 
2-10keVCXB. 
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Fig. 15. — Here we plot the relation of log./V-logS for our entire uniform sample (|6| > 15° or 74% of the sky). The value logJV 
corresponds to the number of AGN with 2 - lOkeV fluxes above the indicated logS, corrected for sky coverage using the BAT sky coverage 
maps and 14— 195 keV fluxes. The dashed line represents a fit to the points with logS > —11. The slope of this line (—1.53 ± 0.12) is 
consistent with the cumulative distribution of a uniform density of objects (-1.5, shown as the solid line). This plot further suggests that 
we are missing many sources at fluxes below log 5 w — 11. 
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Fig. 16. — We plot the measured host galaxy minor axis/major axis (b/a) from NED versus the X-ray measured column density. As 
shown, only one Seyfert 1 (IC 4329A, a Sy 1.2) is in a highly inclined galaxy. However, this source has a higher X-ray column than most 
other Seyfert Is. The hosts of Seyfert 2s span the entire range of b/a. Note that for sources requiring no additional absorption over the 
Galactic, we used a standard value of Njj = 10 20 cm - 2 . Here, as in the previous figures, triangles represent Sy 1—1.2 sources, squares 
indicate Sy 1.5—1.9 sources, and circles indicate Sy2s. 
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Fig. 17. — We plot the distribution of host galaxy type, from NED, for the uniform sample of BAT-dctected AGNs (left). Also, we plot 
the distribution of host galaxy type for 'interacting' sources in our uniform sample (right). Clearly, there is no significant difference in the 
host type for these sources. 
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Fig. 18. — We show DSS images of 4 representative peculiar/irregular host galaxies. For all images, we plot a 5'x5'region. Both NGC 
1275 and Cen A have available HST images which reveal in detail large dust lanes. However, even in the lower resolution DSS image, the 
dust lane in Cen A is clearly visible. Of the other sources, ESO 490-G026 is really two colliding galaxies and ESO 511-G030 is a spiral 
with a small nearby companion galaxy (outside the image). 




Fig. 19. — Here we plot the distributions of unabsorbcd 2-10 keV luminosity and our Eddington ratio proxy for interacting (black) 
and non-interacting (green) systems. There is little difference between the two distributions, showing that AGN in galaxies with a close 
companion or which underwent a recent merger have the same luminosities and accretion rates as AGN in non-interacting galaxies. 



